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INTRODUCTION 


The manufacture of lime is one of the oldest industries. Plants are distributed widely 
and furnish an essential raw material for numerous industries. The use of lime by the build— 
ing trades, in agriculture, and in hundreds of manufacturing and chemical processes has 
created demands for a large production and has necessitated exhaustive research on methods 
of manufacture and uses. The bibliography of lime is an extensive one, but for the most 
part each publication has dealt with only certain operations. 

The purpose of this paper is to present a general picture of the industry as a whole. 
The abundant literature has been abstracted and quoted freely, and the National Lime Asso- 
ciation has rendered valuable assistance in furnishing data for certain sections. Publica- 
tions containing more detailed information on the various branches of the industry are re- 
ferred to in the footnotes and in the bibliography. 


DEFINITION 


Lime may be defined as calcium oxide resulting from heating calcium carbonate to a 
temperature at which the carbon dioxide is removed. A hundred pounds of pure calcium car- 


l The Bureau of Mines will welcome reprinting of this paper, provided the following footnote acknowledgment is used: 
"Reprinted from U.S. Bureau of Mines Information Ciroular 6884." 

2 Supervising engineer, Building Materials Section, U.S. Bureau of Mines. 

3 Building Materials Section, U.S. Bureau of Mines. 
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bonate will yield 56 pounds of lime. The most common form of calcium carbonate in nature is 
limestcne, which is therefore the chief raw material used in the manufacture of lime. In 
many places limestone is associated with varying quantities of calcium—magnesium carbonate 
(the mineral dolomite), or a deposit may consist of virtually pure dolomite. Calcination 
of such rocks produces mixed oxides of calcium and magnesium, which also are regarded as 
lime. Limestone almost always is associated with impurities, also, such as silica and ox=— 
ides of iron and aluminum. The product resulting from the burning of such rock therefore 
may vary widely from pure lime. Commercial limes, however, usually contain not more than 5 
percent total silica, ferric oxide, and alumina. Magnesia is not considered an impurity 
except in certain exacting chemical or industrial processes. 


Varieties 
Limes are classified according to their composition as follows: 


High-calcium lime contains not less than 90 percent calcium 
oxide and 0 to 5 percent magnesia. 

Lov-magnesium lime contains 5 percent to 25 percent magnesia. 

Dolomitic, or high-magnesium, lime contains 25 percent to 45 
percent magnesia. 


A content of 45 percent magnesia is the maximum that can be obtained by calcining a 
pure dolomite. To obtain more than that amount a mixture of dolomite and magnesite (MgCO3) 
must be calcined, and, except in California and Washington, such material rarely occurs in 
the United States. 

Hydraulic lime is the variety that results from the calcination of limestone containing 
enough argillaceous matter to form a substance that will set under water. Its action is 
Similar to that of natural cement, but it contains more calcium and less aluminun. 


Chemical _ and Physical Properties 


Commercial limes are composed of oxides of calcium, anywhere from 0 to 45 percent mag— 
neSsium oxide, and generally more or less impurities, such as silica and oxides of iron and 
aluminum. When properly burned and fresh from the kiln, lime should contain no water and 
less than 0.5 percent carbon dioxide. If the impurities formed by the contact of lime with 
the lining of a kiln are disregarded, the chemical composition of any lime will be the same 
as that of the stone from which it was burned, minus the carbon dioxide; but because of the 
loss of about half the weight of the stone as carbon dioxide during burning, the proportion 
of every other constituent of the stone will be nearly doubled in the lime. A chemical 
analysis of a limestone therefore is a very good criterion of the grade and commercial u— 
tility of the lime it will produce. 

Lump lime retains the same form as the stone after calcination, but the porosity is 
increased greatly. When water is added to lime a chemical reaction takes place, and calcium 
hydroxide (Ca(OH)»), also known as hydrated lime, is formed. This process is known as 
slaking or hydrating. Considerable heat is generated during the reaction. The reactions of 
dolomitic lime and calcium lime differ somewhat in the slaking process. A high-calcium lime 
expands greatly when water is added, and much heat is generated. Dolomitic lime slakes 
much more slowly, generates less heat, and expands less, which results in a correspondingly 
smaller yield. Other things being equal the less magnesium oxide present in a lime the more 
quickly will it slake, and the greater will be the amount of heat generated. 
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The rate of hydration depends also on the porosity of the lime. Water penetrates the 
more porous limes rapidly, and the chemical reaction takes place quickly. Indeed, in some 
cases the porosity of a lime seems to be a greater factor than the chemical composition; 
for instance, a very porous dolomitic lime may slake more quickly eee a dense lime with 
a much higher content of calcium oxide. 

When lime is underburned the calcium carbonate left in it acts as inert matter for woat 
uses. Overburned lime also contains relatively inactive matter consisting of a mixture of 
lime and impurities, which forms a semivitrified mass. When overburned, lime is inclined to 
Slake slowly because of the diminution of pore space. The appearance of underburned lime 
varies with that of the stone and can be distinguished only by one who has had experience 
in burning the particular kind of stone. OQverburned lime generally is yellow or black and 
can be separated readily from good lime. 

When quicklime is exposed to air it absorbs carbon dioxide and water and Nair-slakes. 
Such reaction takes place in two more or less distinct stages — first, the absorption of 
water and, second, displacement of the water by carbon dioxide. As these reactions are slow, 
lime may air-—slake to almost any degree, and this has led to great confusion in the litera-— 
ture regarding the properties of air-slaked lime. For instance, at one stage of the process, 
when the water has been absorbed and has not been displaced to any extent, the product is 
similar in composition to "water-slaked" or hydrated lime. At the other extreme, recarbona— 
tion may be so nearly complete that the lime virtually has reverted to limestone. Absorp-— 
tion of water during the process of air-slaking involves a large increase in volume, and 
the lumps of lime therefore fall to pieces. Limestone may fall to pieces in the kiln under 
several circumstances. The stone may be so soft that it is broken by abrasion; its pores 
may be filled with water at the time of burning, which shatters the stone when heated; or 
its component crystals may be bound together by organic matter that is consumed in the kiln. 
Sometimes over 50 percent of the output of a kiln is finely divided lime, which is as good 
for most purposes as lump lime and is easier to handle. 

The chemical and physical properties of a lime determine its adaptability for certain 
uses. The requirements for the various processes and products in which lime is used there-— 
fore have been the subject of much scientific study. It has been found that properties may 
be adjusted to some extent in the various processes of production. The ratio of calcium to 
magnesium depends largely on the market in the particular locality. When the lime is sold 
for chemical purposes, this ratio generally will be specified. Specifications for the vari- 
ous uses are disoussed under the section on Uses. 


HISTORY. OF THE INDUSTRY 


The art of turning lime and the use of lime can ke traced tack through the ages of Roman, 
Greek, and Egyptian civilizations to times of remote anticvity. The use of kilns for burn- 
ing was mentioned by Cato in 184 B.C. Lime mortar was used in the pyramids of Cheops and 
older monuments, and references have been found indicating that lime was used at this early 
time in the chemical as well as in the building industries. Recent investigations of a 
Roman water. conduit, A.D.-70~-100, running from Eifel to Cologne show that the concrete was 
made with hydraulic lime, Rhine sand, and crushed high~calcium limestone. 4 something of the 
manufacture and use of lime may be traced from passages in the Old Testament, from the 
writings of Dioscorides and Pliny (circa A.D..75) and -of Vitruvius. (circa 50.B.C..)}, and. from 
references in literature to its employment in war and by alchemists curing the Middle Ages. 
Joseph Black and Lavoisier (circa 1777) dispelled the old theory that calcination was attrib— 


ao) 


4 Quarry Manager's Journal, Ancient Lime Mortar Conorete: Vol. 18, June 1935, -p. 8l. 
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utable to the introduction of phlogiston. The first measurements of the dissociation pres— 
sure of calcium carbonate were made in the latter part of the nineteenth century by Debray 
and Le Chatelier. 

Although machinery and methods of preparing limestone for burning were developed to 
keep pace with the growth of an industry that has reached large proportions, comparatively 
little improvement was made during the centuries in the process of burning lime or in the 
type of kiln used until recent years. Within the past 35 years experimental work in the 
laboratory and field has resulted in the adoption of certain improvements. The outstanding 
feature in the development of the industry was the manufacture of hydrated lime, which began 
about 1900, and the rapid growth of its use. One of the more recent advances in lime manu— 
facture was the introduction of pulverized quicklime. This product has been received favor— 
ably and used widely, especially in the construction field. New types of kilns and hydrators 
now have been evolved. The rotary kiln, well-known in the cement industry, has been adopted 
extensively for burning lime and produces what is commonly called pebble lime. 

A very valuable contribution to the lime industry was a study by the National Bureau of 
Standards beginning in 1912. In cooperation with the lime-consuming industries, it conducted 
extensive research to determine what kinds of lime are most efficient and economical for 
each product or process of manufacture. The result of this work was the promulgation of 
reny specifications. That Bureau also made detailed studies of typical lime plants and in 
1913 published a paper on the manufacture of lime.*® This was revised in 1927. ° 

Statistical records of the lime industry since 1894 are available in annual reports 
published, first, by the United States Geological Survey and later by the Bureau of Mines. 
A National Lime Association was organized in 1918 and incorporated in 1922 as a promotional 
and research organization, and its activities have had an important influence on the develop- 
ment of the industry. For many years before 1918 similar work was conducted by the National 
Lime Manufacturers Association and the Hydrated Lime Bureau, sponsored by progressive and 
far-thinking members of the industry. 


RAW MATERIALS 


The natural calcium and magnesium carbonates, limestone, marble, dolomite, and shell 
deposits, are the principal sources of commercial lime. Small quantities are made from 
similar carbonates produced as byproducts of chemical industries. Of these materials, lime-— 
stone is the most abundant and is used most extensively for lime manufacture. 


Limestone 


Origin.— Limestone is formed in beds by the accumulation of calcareous shells and vary— 
ing quantities of other substances, such as magnesium carbonate, silica, clayey material, 
galts of iron, and organic matter. These are consolidated gradually into rock by pressure, 
end through long geologic ages of surface adjustment occupy land areas and become available 
for commercial use. 

Composition and varieties.— The chemical composition of limestone for making lime is 
important, as lime is used in many products and processes in which the chemical requirements 
are exacting. Physical properties have some influence on both methods of manufacture and 
costs. For instance, a friable stone is unsuitable for shaft kilns because it crumbles, 


5 National Bureau of Standards, Manufacture of Lime: Technol. Paper 16, 1916, 130 pp. 
6 Fational Bureau of Standards, Manufacture of Lime: Circe. 337, 1927, 104 pp. 
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retards the craft, and furnishes a small proportion of lump lime. High porosity may retard 
the rate of heat conductivity and thus lower fuel ratios. 

The essential chemical constituent of limestone is calcium carbonate (CaC0O3), the 
mineral calcite. Many commercial occurrences designated "high-calcium" limestone carry 93 
to 99 percent calcium carbonate. When other substances occur in the stone it is classed 
according to the nature of the impurities. If 10 percent magnesium carbonate is present it 
is called "magnesium" or "Colomitic" limestone. Magnesium limestones may embrace several 
varieties texturally and if physically suitable may be burned to lime, which will be a mix- 
ture of calcium oxice (CaO) and magnesium oxide (Mg0). When the amount of magnesium carbon- 
ate present approaches 45 percent the rock is known as "dolomite", which is the double car- 
tonate of calcium and magnesium expressed by the formula CaCO3.MgC03. The uses of dolomite 
and high-magnesium limestone are discussed in a recent Bureau publication. ’ 

"Argillaceous" limestone contains a considerable proportion of clay, consisting mainly 
of aluminum silicate. If the clay is present in certain proportions, mortar made with the 
"hydraulic" lime burned from the stone has the property of setting under water. "Siliceous" 
or "cherty" varieties contain considerable silica; if present to the extent of 4 or more 
percent, the limestone rarely is suitable for making lime. "Ferruginous" limestone has con- 
Siderable iron content. "Carbonaceous" or "bituminous" limestone contains carbonaceous 
matter, such as peat or other organic materials, which color the rock a dark gray or black. 
Mocerate amounts of carbonaceous matter are not retained in the lime, as they are consumed 
during calcination. 

Other varieties of limestone are based on texture or physical character. Common conm— 
pact limestone is a fine-grained, dense, homogeneous aggregate, ranging in color from light 
gray to almost black. This variety, when of suitable chemical composition, is burned into 
lime in many places. Oolitic limestone is composed of small, rounced grains of lime car- 
bonate with a concentrically laminated structure. Some limestone beds have been formed under 
conditions that have left many shells almost intact or, at least, in fragments sufficiently 
well-preserved to indicate their origin and character. These are known as "fossiliferous" 
limestones. Some of them are made up almost entirely of shells of one kind and are named 
accordingly. "Coral", "crinoid", and "coquina" are common types. Unconsolidated oyster-— 
shell beds are related closely to fossiliferous limestone and are quite extensive. When 
sufficiently pure, fossiliferous limestone generally is suitable for making lime. Cherty 
limestone contains nodules and bands of chert or flint and is not suitable for lime manu- 
facture unless the chert can ke separated and removed at very little expense. 

Impurities.—- The common impurities in limestone are clay, which contains silica and 
alumina; sand or other forms of free silica; iron oxice; iron cartonate;. pyrito or marcasite 
(sulphides of iron); gypsum; alkalies; and carbonaceous material. Clay is found most often 
along the -tedcing planes, but it is also disseminated through the rock. Silica occurs in 
hard limestone as nodules or masses of chert (flint) or combined with alumina as clay matter. 
In soft limestone, such as marl and chalk, it usually occurs as grains of sand, but certain 
bteds of Cretaceous chalk, notably the ceposits along the English channel and to a smaller 
extent the beds in Texas, carry an akundance of chert nodules. Alumina commonly is present 
in combination with silica as a silicate mineral or as clay matter. Iron compounds are 
disseminated with the original seciments, but they were brought in by percolating waters and 
resulted from chemical action with other minerals.- Sulphur is present in combination with 
iron as a disulphice and in gypsum (CaS0,4.2H.0), so that under ordinary conditions it is not 
free, but the disulphice yields easily oxidizable sulphur. Small quantities of the alkalies 
soda and potash are present in some limestones, probably in the form of carbonates or in the 


7 Hatmaker, Paul, Utilization of Dolomite and High-Magnesium Limestone: Inf. Circ. 6524, Bureau of Mines, 1931, 18 pp. 
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clay impurities as silicates. Impurities are noted in greater proportions in weathared than 
in unweathsred rock because th2y are less soluble than the limestone. 

Impurities in the stone have various effects on the properties of the lime. Small 
amounts of silica tend to decrease the plasticity, sand—carrying capacity, and yield of a 
lime but have no apparent effect on its hardness or strength. The same may be said of iron, 
except that lime containing large anounts is much strenzer eni harder. Kaolin seems to act 
in a manner similar to silica and iron. Gypsum shows detrimental effects, even when only l 
percent is present. 

Dolomite 


Dolomite is next in importance to limestone as raw material for lime. Magnesium lime— 
stone containing 20 percent or more magnesium carbonate is designated "dolomitic" or "high=- 
magnesium" limestone. When the amount of magnesium carbonate present approaches 45 percent, 
the rock is virtually a pure dolomits and is then regarded as a distinct mineral composed of 
calcium and magnesium carbonates combined in proportions expressed by the formula CaMg(CQ3) 92. 


Other Raw Materiels 


The crystalline form of limestone known as marble also is a common source of lime. 
As shown later in more detail, marble is used for lime manufacture in New England, Maryland, 
Tennessee, Washington, and several other States. The waste of many quarries that produce 
Luilding and menumental marble also is utilized in this way. Vein deposits of calcite also 
are used to a limited extent for lime. 

Oystershells are one of the purest forms of calcium carbonate that occurs in commer— 
cial quantities. They therefore are well-suited for making chemical lime, for which purity 
and uniformity of composition are necessary. Easily accessible shell reefs large enough and 
of a character to warrant their use for lime are few, but their utilization for this purpose 
has increased in recent years. 

Travertine or calc sinter, a massive, porous to compact limestone, is formed as deposits 
from solution at calcareous springs. It does not occur extensively in the United States. 
Several quarries for building stone have been developed, and the waste of one has been util— 
ized for lime. 

Marl, a fine-grained, loose, earthy material containing a large proportion of calcium 
carbonate, occurs commonly in this country, notably in the Southern Peninsula of Michigan, 
in northern Indiana, and in western New York; but, because of its high content of water and 
the difficulty experienced in burning, it is not used for making lime. 


Distribution in the United States 


Deposits of limestone occur in every State. In some States they are very extensive 
and are quarried in hundreds of places for various uses. The location of every limestone 
quarry and limekiln in the United States east of the Mississippi River is shown in a series 
of seven maps in the chapter on Stone of Mineral Resources of the United States for 1911, 
part II, published by the United States Geological Survey;.the location of every such plant 
in the States between the Mississippi and the western boundary of Montana is shown in the 
corresponding chapter of the volume for 1912; and the quarries and kilns in the remaining 
Western States and in the Pacific Coast States are shown in the volume for 1913. Although 
scme lime plants have been abandoned and new ones built since these reports were published, 
the general locations are unchanged, and the reports are valuable sources of information on 
eccurrences of limestone suitable for burning lime. 
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The distributicn of lime plants in the States, with the kinds of lime produced in each 
plant, based cn the most recent information furnished this Bureau, is shown in the section 
on Production. Distribution of raw materials suitable for lime manufacture, with chief 
emphasis on deposits now or recently in use, is covered briefly in the following paragraphs. 

New England States.—- Most of the limestones in the New England States are so highly 
crystalline as to be classed as marble. In Maine the lime industry is centered at Rockland, 
where vertically dipping beds of crystalline limestone are utilized extensively. An occur- 
rence of noncrystalline limestone in Aroostock County has been utilized for lime. In Vermont 
noncrystalline limestone is found principally in the northwestern counties, where moderate- 
size lime plants are operated. Waste marble from quarries in Rutland County is an important 
raw material. Commercial limestone occurring in the northern part of Rhode Island in the 
vicinity of Lime Rock is used for the manufacture of low—magnesium lime. Large lime plants 
in western Connecticut and Massachusetts utilize crystalline limestones and dolomites. 
Small outcrops of limestone in New Hampshire have no commercial importance at present. 

New York, New Jersey, and Pennsvlvania.= New York and Pennsylvania are especially rich 
in limestones. In New York they occur extensively in a group of counties between the Adiron- 
dacks and Lake Ontario. They also outcrop to the south in Herkimer, Saratoga, Washington, 
and Warren Counties and in a small area in the Champlain Valley. Another formation, con- 
taining stone of 95 percent or more calcium carbonate, outcrops at various points in the 
eastern Adirondacks from Saratoga County northward to the Canadian boundary. Along the 
lower Hudson a formation outcrops near Poughkeepsie. Limestone beds extend from Otsego 
County northwestward to Oneida Lake and westward to the Niagara district. <A belt of great 
economic importance extends from Buffalo in Erie County eastward to Oneida County and south- 
eastward to Albany County, where it curves south toward the Delaware River. Stone suitable 
for lime manufacture is found in the Finger Lakes district. Much of the limestone of New 
York, especially of the western half of the State, is high in calcium carbonate. Lime is 
burned in many sections. 

In Pennsylvania the high-grace limestones of greatest commercial importance are con- 
fined to the central and southeastern counties and to an area north of Pittsburgh near the 
western border. Extensive deposits of both high-calcium and high-magnesium stones occur, 
the magnesium rock being especially abundant in the valleys of the southeastern section and 
the high=-calcium variety in the central part. Pennsylvania has more lime plants than any 
other State. Lime is manufactured most extensively in the central and southeastern sections, 
though stone is used locally for this purpose also in the southwestern counties. Commercial 
high-calcium and magnesium limestone is found in the northwestern border counties of New 
Jersey, and dolomitic limestone occurs in Somerset County. 

Maryland, Delavarg, Virginia, West Virginia, North Carolina, and South Carolina.— The 
limestones of this area fall physically into three groups: (1) The nonmetamorphosed lime- 
stones of .the Appalachian valleys; (2) the metamorphosed or crystalline limestones of the 
Piecmont region, both of which are hard limestone; and (3) the soft limestones of the Coastal 
Plain. 

The great limestone ceposits of the Shenandoah Valley of Virginia and of similar valleys 
lying northwest of the Blue Ridge Nountains are the most noteworthy in this area. The stone 
of the two western tiers of counties throughout the entire length of Virginia has great con- 
mercial value. It is accessible easily and is used extensively for lime. Limestone of 
variable composition occurs also in the Alleghany Mountains of Virginia. Occurrences in the 
Piecmont district of the State, especially in Loudoun County, have been utilized for lime. 
The soft limestones of the Coastal Plain of Virginia consist largely of shell marl and have 
little value. 
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Deposits of hard limestone are found west of the Alleghanies in eastern West Virginia, 
tut few approach in purity those of the northeastern Panhandle, where the large lime plants 
of the State are located. Beds of both high-calcium and magnesium limestone extend from the 
Valley of Virginia into the central and northern counties of Maryland. Crystalline lime— 
stones in an area north of Baltimore are utilized for lime. 

Small areas of crystalline limestone, mostly dolomitic but with variable magnesium 
content, occurring in the extreme northern part of Delaware have no commercial importance 
as sources of lime. Both high-calcium and magnesium limestones occur in many counties of 
the western section of North Carolina, mostly in valleys, but they are so covered with soil 
that careful surveying and prospecting are required to determine their extent and quality. 
Few of them have been utilized for lime. Small deposits of crystalline limestone occur in 
western South Carolina, and soft limestones and marls are found on the Coastal Plain. They 
have not been used in recent years for lime manufacture, 

Tennessee, Mississippi, Alabama, Georgia, and Florida.— Limestone abounds in Tennessee, 
particularly in the eastern and central parts. The Holston marble of Knox County is the 
principal source of lime. The limestone of middle Tennessee, which is pure to argillaceous 
and low in magnesium, is used extensively for lime manufacture in the counties of the cen- 
tral basin. The most prominent formation in the northern and western counties of middle 
Tennessee contains high-grade limestone in places, which also is utilized for lime. Small 
keds of limestone and larger deposits of chalk occur in Mississippi, but they are not used 
to produce lime. | 

Limestone sufficiently pure for lime occurs in the river valleys of northern and cen— 
tral Alabama, and stone of a high degree of purity outcrops along the sides and bases of 
plateaus in the same general region. An unusually pure high-calcium marble occurs in Talla— 
dega County. Formations suitable for lime occur also in the north-central counties of the 
State. The Selma Chalk extending across central Alatama and the Vicksburg limestone farther 
south are not used for lime. Lime is produced principally in Blount, Shelby, and other 
ccunties of the Birmingham area and in the northern counties. | 

In Georgia sources of raw material for lime are confined to the marble belt of Pickens 
end adjacent counties and the abundant limestones of the Appalachian Valley district to the 
west. Recent production has been confined to Bartow County. 

Limestone is distributed widely in Florida. High-calcium stone, some of which is soft 
and chalklike, occurs in Jackson County and over a wide area of central Florida. A compact, 
white rock, quite hard in places, is found in northwestern Florida. Tampa limestone, a 
fairly hard, compact, light-gray to yellow rock, occurs in parts of the west-central counties. 
Coral and oolitic limestones form the foundation of the keys from Miami to Key West and 
border the east side of the Everglades. Coquina and related shell varieties occupy a large 
part of southern Florida as well as sections of several northern counties, particularly 
along the coast. Most Florida limestones are too soft for the manufacture of lime by ordi- 
nary methods, and at present the industry is confined to Marion and Dade Counties. 

Wisconsin and Michigan.— Limestones occupy the north-central and northern sections of. 
Wisconsin, appear in a broad belt along the eastern border of the State, extend across the 
southern part, and are available in certain areas along the western side. Nearly all of 
them are dolomites well-adapted for making high-magnesium and special limes. The lime in- 
dustry, however, is confined chiefly to the east-central counties. 

In Michigan limestones border the northern part of the Southern Peninsula along Lakes 
Michigan and Huron and cross the southeastern part. The largest area is near Rogers City, 
Presaue Isle County. Another important formation outcrops on the east side of Saginaw Bay, 
cn Charity Island in Saginaw Bey, and in Arenac, Eaton, and Jackson Counties. Limestone 
elso occurs along the southern border of the Northern Peninsula. The lime centers are in 
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the northern part of the Southern Peninsula and in Menominee and Schoolcraft Counties. The 
rock is shipped to Menominee from Rogers City. Large quantities of Michigan limestone are 
shipped also to lime-manufacturing plants in other States. 

Illinois, Indiana, Ohio, and Kentucky.— Commercial limestones of both the high-calcium 
and magnesium varieties occur in about a third of the area of Illinois, including the nor- 
thern end and a belt along the western and southern borders, and scattered deposits of minor 
economic importance are found in the remaining two-thirds of the State. Lime production is 
centered chiefly near Quincy and Cordova, in the western section, and in Chicago. Some of 
the stone burned in and about Chicago, however, is obtained from Calcite, Mich. 

Limestones occur widely in Indiana, the most important beds forming a belt about 20 
miles wice extending northwestward through the central part of the State. In this belt is 
the famous oolitic limestone quarried in Lawrence and Monroe Counties for building. Waste 
from the quarries is used for lime. Owen, Crawford, Harrison, and Washington Counties also 
contain high-calcium oolitic limestone, which is burned into lime at several places. Farther 
north magnesium limestone occurs in several counties and is now used for lime in Huntington 
County. Lime is produced also in Cass County in the north. 

Limestone underlies a large portion of Qhio and is used extensively for the manufacture 
of lime. Exceedingly pure dolomite prevails in the Toledo district, including Wood, Sandusky 
Ottowa, and several other counties, and most of the lime plants are in this area. Ina 
second area farther south, extending as far as Columbus, both high-calcium and low-magnesium 
limestones abound and are used for lime in many places. High-calcium limestone in eastern 
Ohio and dolomite in Adams County, southern Ohio, also are used for lime. 

- Kentucky is underlain with the same formations of limestones as occur in Illinois, 
Indiana, and Ohio, and they appear in many eastern, southeastern, central, north-central, 
and western counties. A notable outcrop of high-calcium oolitic variety is in Warren County. 
The manufacture of lime has been confined almost exclusively to Rockcastle and Franklin 
Counties. . 

States West of the Mississippi River.— In Minnesota commercial limestone occurs only in 
the southeastern part. The beds generally are highly magnesian, and many are nearly pure 
dolomites. They are used for lime in several counties. The only limestone formation in 
North Dakota is a soft, chalklike rock intermixed with clay, which is unsuitable for the 
manufacture of lime. Hard limestones occur in the Black Hills district of South Dakota, and 
recent production of lime in the State has keen confined to this district. Except for small 
local quarries in the southeastern counties, the chalky limestone occurring in the eastern 
part of the State has no commercial use at present. 

Limestone is plentiful in Iowa. Formations in the eastern counties are generally high 
in magnesium, those in the east-central area are magnesium in the northern part and high-~ 
calcium in the south, and those of the central and southern parts have some fairly high- 
calcium stone. Chalk beds occur in the western part of the State. Lime production is rela- 
tively unimportant and is confined almost exclusively to Jackson County. The limestones of 
greatest economic value in Nebraska outcrop chiefly in the southeastern counties, where lime 
has been procuced. Another formation is exposed along the Missouri River in northeastern 
Nebraska and in the Republican Valley in the southern part. 

In Missouri colomite or magnesium limestone is found in the southeastern part, except 
the corner counties. Limestones low in magnesium and mostly of a high degree of purity out- 
crop near the Mississippi River north of Cape Girarceau and extend to the northern part of 
Jefferson County; they are exposed again near the Mississippi in Lincoln, Pike, Ralls, and 
Marion Counties. High-calcium limestone also covers extensive areas along the Mississippi 
and Missouri Rivers and in southwestern counties. In all these areas it is used widely for 
the manufacture of lime. Limestone also occurs in the northern and western parts of the 
State. aa :- 
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Commercial limestones occur in the eastern third of Kansas, but only those of Bourbon 
County have been used for lime. Rocks in the central area contain limestones, but little 
economic use has been found for them. The principal limestone area of Arkansas lies in the 
Ozark Plateau region in the northern part of the State. High-—calcium rocks suitable for the 
manufacture of lime are found in several formations. | 

The commercial limestones of Louisiana are limited to two occurrences — one in Winn 
and the other in Evangeline Parish - and both have been utilized for lime. On the Gulf 
coast oystershells are used for making chemical lime. The largest limestone area in Oklahoma 
is in the Arbuckle Mountain District; smaller areas occur in the foothills of Wichita Moun-— 
tains, in the northern and southeastern sections, and in the Ozark uplift. Lime has been 
burned in several counties. 

Limestones are distributed widely in Texas, particularly in the eastern half of the 
state. A belt runs from Red River in the northeastern part westward across the central part 
of the State and extends south and southwest, terminating a little southwest of San Antonio. 
fnalyses of the stone show a content of 70 to more than 90 percent calcium carbonate and 
very little magnesium. West and parallel to this formation is another group of limestones, 
and still larger areas are exposed in the Edwards Plateau west of San Antonio. Several lime 
plants are operated in the east-central district, chiefly in Comal, Travis, and Williamson 
Counties. Other occurrences are in western Texas near El Paso, where a group of lime plants 
is located. A plant near Houston and one in Corpus Christi utilize oystershells for lime. 

In Montana limestone occurs chiefly in massive beds along the flanks of the mountain 
ranges in the western part of the State. It is used for lime in several counties in this 
district; some of the high-calcium variety, containing very little impurity, is burned into 
lime for refining sugar. Smaller deposits throughout the eastern two-thirds of the State 
have been used locally for lime burning. 

Limestones are found in many parts of Wyoming but have not been developed extensively. 
The best-known deposits are in Albany, Laramie, and Platte Counties in the southeast and in 
Weston County in the northeast. Most of them are of the high-calcium type and supply stone 
for sugar factories. 

The Colorado limestone deposits may be divided into two groups — an eastern division 
forming a belt immediately east of the Front Range and a second division lying west of the 
range. Limestone of the first division outcrops continuously from north of Fort Collins to 
the middle of Douglas County, passing a little west of Denver. The best rock contains more 
tran 90 percent total carbonates, but most of the formation is mixed with shale. Stone for 
lime manufacture is obtained chiefly in El Paso, Pueblo, and Chaffee Counties in central 
Colorado. Some of the limestones west of the range are pure enough for the highest-grade 
uses, but their location has discouraged commercial development. Other deposits outside 
these areas that are exploited for the manufacture of lime are in Larimer County in the 
north-central part of the State and in La Plata County near the southwest corner. Waste 
travertine from the building-stone quarries at Salida, Chaffee County, also is utilized for 
lime. Very little is known of the chemical and physical properties of the limestone out— 
crops in New Mexico. Lime has been produced in San Juan and San Migual Counties. 

_ Western and Pacific Coast States.—= Limestone deposits are to be found in many parts. of 
Idaho, those of chief value occurring in the southeastern and northwestern counties. Lime 
is produced in both sections. Pure limestone from Butte and Teton Counties is or has been 
shipped to sugar factories in Idaho and Utah. The most important limestones of Utah occur 
in many parts of the Wasatch Mountains in the northern and north-central counties. A good 
many of these are pure enough for the manufacture of lime, and a number of lime plants are 
lecated in this district.. A plant at Garfield is unique in that it utilizes limestone sand 
as raw material. Lime is produced also in the western and southwestern parts of the State. 
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The Arizona limestones have been developed only in a small way, probably because of re- 
stricted markets rather than lack of raw materials. Lime is produced chiefly in Yavapai, 
Pima, Gila, and Maricopa Counties. 

The principal lime plants of Washington are on Orcos and San Juan Islands, San Juan 
County, where an abundance of crystalline limestone is used for the manufacture of a very 
pure lime. Water transportation assists marketing. Lime is made from marble in Stevens 
County. Suitable limestones are available, and lime has been burned also in Chelan, Ferry, 
Okanogan, and Whatcom Counties. Deposits of limestone occur as well in the northeastern 
counties of Washington. In Oregon, limestone pure enough for lime manufacture occurs prin- 
Ccipally in the southwestern and northeastern counties, and lime plants are located in these 
sections. Some of the stone in the southwestern area contains only 5 percent or less im- 
purities. Limestones occur also in the northwestern corner of the State but generally are 
too impure for making lime. Eoth high-calcium and magnesium limestones are available in 
various places in the eastern third of Nevaca. The chief developments for lime manufacture 
are in Clark County. 

Few extensive limestone deposits comparable with those in many of the Eastern States 
occur in California. Most of them are irregular bodies of variable magnesium content. Lime 
is manufactured chiefly in the central part of the State. The extreme northern parts and 
the desert regions in the south have larger deposits of limestone than the more populous 
parts of the State, but because of the distance from markets and inadequate transportation 
facilities they have little commercial value. Lime has been produced, however, in Siskiyou 
and Shasta Counties in the northern section and in San Bernardino County in the south. 
Oystershells are used as raw material in Alameda and Tulare Counties. 


USES 


Lime is an essential raw material for numerous industries. It enters three large 
fields of utilization — the building industries, agriculture, and the chemical and manufac-— 
turing industries. For many years the building traces consumed the largest quantity, but a 
more or less steady trend toward wicer use by the chemical and manufacturing industries has 
taken place. In 1906, the first year in which sales by uses were reported, 86 percent by 
value was consumed in building and only 8 percent in chemical and manufacturing processes; 
in 1934 only 27 percent by value was used in building and 64 percent in chemical and manu- 
facturing processes. The quantity sold for agricultural purposes has shown only slight 
change; in 1906 about 6 percent and in 1934 about 10 percent was so used. 

For each use of lime more or less rigid requirements of composition and quality must 
be met. Standard specifications for lime for certain industries have been developed by the 
American Society for Testing Materials in cooperation with the National Lime Association. ° 
The National Bureau of Standards also has developed quite a number of specifications. The 
types of lime best fitted for certain uses are discussed in the following paragraphs. 


Building = 


For lime used for building purposes physical properties, such as plasticity, sand- 
carrying capacity, strength when mixed with sand, time of set, and color have primary in- 
portance. Either high-calcium or magnesium lime, in the form of quicklime or hydrated line, 
is used in structural work, though for some uses one type may be preferred to the other. 


8 Copies of such specifications may be obtained from the American Society for Testing Materials, 1315 Spruce Street, 
Philadelphia, Pa., or from the National Lime Association, 927 Fifteenth Street, N.W., Washington, D.C. 
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If quicklime is used, it must be made into lime putty by proper slaking; it is also desir-— 
able to soak hydrated lime before use. 

According to accepted specifications, quicklime for mortar, plaster, and masonry cement 
must have the following chemical requirements, calculated to the nonvolatile basis: ° 


|Calcium|Magnesium 
|_lime |___lime __ 
|Percent| Percent 


Calcium oxide, minimum.......00.000 le | 75 | oh et ye 
Magnesium oxide, minimum..............0.0.0000.0000000000. | sat heaes | 20 
Calcium and magnesium oxides, minimum........... | 95 | 95 
Silica, alumina, and oxide of iron, maximun | 2) | 5 


If sample is taken at the kiln 35 percent is the maximum permissible CQ, content; if taken 
at any other place 10 percent is allowable. 

The specifications for hydrated lime for structural purposes cover two kinds = masons' 
hydrated lime and finishing lime. Masons' hydrated lime may be used for scratch or brown 
coat of plaster, stucco, and mortar, and it may be added to portland—cement concrete. Ac— 
cording to the specifications for this type of lime, calcium and magnesium oxides shall con— 
stitute not less than $5 percent of the nonvolatile portion, and carbon dioxide shall not 
exceed 5 percent if sample is taken at place of manufacture or 7 percent if it is taken at 
any other place. The percentages in both cases are based on the nonvolatile portion. The 
sample shall leave a residue of not more than 0.5 percent on a 30—mesh sieve and not more 
than 15 percent on a 200-mesh sieve. Finishing hydrated lime is used, in addition to the 
purposes for which masons' lime is employed, as an ingredient in the final or white coat of 
plaster, and it must have a plasticity figure of not less than 200 as tested with an Emley 
plasticimeter. !° 

Mortar.=— Mortar is made by mixing lime putty with sand and water. Lime putty for this 
use is made by slaking quicklime properly or by soaking hydrated lime for an adequate period 
of time; the lime may be either high-calcium or dolomitic. The quality of a mortar depends 
cn the method by which it is prepared as well as on the characteristics of the lime used. 
The type of lime used usually depends upon economic factors and local custon. 

The quantity of mortar a lime will produce varies widely with the properties of the 
lime. A properly burned high-calcium lime will yield the greatest volume provided the mor- 
tar is prepared properly. he presence of impurities or of magnesium will decrease the 
yield of paste. Probably the most important difference in the mortar=-making properties of 
various types of lime depends more on whether the lime putty was prepared from a properly 
Slaked quicklime or from hydrated lime than on whether a high-calcium or a dolomitic lime 
was used. 

As to the actual strength of lime mortars, tests conducted by the National Bureau of 
Standards indicate that mortar made of dolomitic lime is stronger than that made of high- 
calcium lime.!1 The strength of a mortar, however, may be controlled by the method of mixe= 
ing and by the use of different kinds of sand. Properly made mortars, however, are so strong 
that for ordinary building the question of strength usually need not be considered. Where 


EE AO AT IS ETSI EEL ESE AE ESTE EES ET EOE DIE TEE PEI EYEE ESET ETO TTI TID TEE ETON EET EINES. IIE TIRE I SE SAIS ETE ITS E ESE I AIO SEI TO IS STE A at ee FONE) 
9 American Soeilety for Testing Materials, Standard Specifications for Quicklime for Structural Purposes: C5-26. 


10 American Society for Testing Materials, Standard Specification for Hydrated Lime for Structural Purposes: C6—31. 
1l Emley, W. E., and Young, S. &., Strength of Lime Mortar: Proc. Am. Soc. Test. Mat., vol. 14, pt. 2, 1914, pp. 
5359-58. 
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factors of design or unusual conditions of service require high-strength mortar, portland 
cement may be added to lime mortar. The cuantity of cement to be added is determined largely 
by the physical properties of the building units and the conditions of service. 

Masonrv_cement.— Lime has properties that make it eminently desirable in cement mortars 
for masonry. It has been found that hydrated lime mixed with cement increases the plasti-~ 
city of a mortar and makes it denser, thereby increasing its imperviousness to water. A 
cement mortar in which lime is used also adheres better to the brick. Experiments have 
shown that cement can be replaced by hydrated lime without material diminution of strength 
if the ratio of hydrate to cement is less than 1 to 3 by weight./" Cement mortar, however, 
is much stronger than is necessary for ordinary buildings, and this feature ordinarily is 
not a factor to be considered. Either high-calcium or magnesium lime may be used in masonry 
cement. 

Plaster.— Lime plaster is made by mixing lime putty and sand, with or without hair. A 
coarse sand, often mixed with gravel, is used for exterior work, as for stucco, while fine 
sand is preferred for plaster for interior walls and ceiling. A highly plastic grade of 
lime is required for the finishing coat. It must be very nearly white, must work smoothly, 
and must not "pop" or "pit" or shrink too much in setting. The cause of popping and pitting 
is attributed to impurities in the lime or in the sand used, improper burning, or incomplete 
slaking. Many builders prefer hydrated lime for the finishing coat of plaster. 

Concrete.= The addition of hydrated lime to concrete increases its plasticity, smooth-— 
working quality, and resistance to water absorption. It is added to the batch as it goes 
into the mixer. 

Natural cement.— The addition of lime to natural cement increases the strength and plas- 
ticity of the mortar mace from it. A hydrated high-calcium lime is used; magnesia is ob- 
jectionable because it is likely to hydrate after the cement has set, which weakens it. 
The lime may be added either during the grinding of the cement or when the mortar is mixed. 

Artificial stone.— Lime is used as a binder in the manufacture of artificial stone made 
of various sizes and types of aggregates. It produces a whiter and more pleasing product 
than that in which ordinary portland cement is used. Various colors may be secured by add- 
ing appropriate quantities of mineral oxides. 


Agriculture 


Fertilizer.~ Lime ig applied to land extensively, primarily, as a soil corrective and 
conditioner and, secondarily, to supply the plant-food elements calcium and magnesiun. 
Soil is a complex material, possessing a number of chemical, biological, and physical prop- 
erties, and lime applied to it may affect these properties by any or all of the following 
actions: (1) Neutralizing soil acidity, (2) replenishing the supply of calcium and magne- 
sium, (3) promoting the activity of beneficial bacteria and depressing injurious soil organ- 
isms, (4) improving the texture and permeability of heavy soils by flocculating the colloids 
and Clay particles, (5) hastening the decay of organic matter and the formation of nitrates, 
(€) rendering iron and aluminum insoluble, thereby preventing the phosphorus in the soil 
from combining with them in unavailable form, and also preventing toxicity, (7) combining 


with nitrogen and phosphorus in easily available form, (8) acting as a germicice in certain 
soil-ctorne plant—disease organisms, and (9) leaving the soil in a well—talanced, productive | 


condition. re 7 


eupnoeic. 
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12 Ealey, W. E.,. The. Use of Hydrated Lime in a Portland Cement Mortar: Proc. Nat. Lime Assoc., vol. 12, 1914, pp. 
258-70. 
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Lime acts differently on various soils. The effects of the various types of limes on 
soils and plants and their use as quicklime, hydrated, or air-slaked lime, methods of appli- 
cation, and other factors for obtaining the best results have been subjects of careful in- 
vestigation by agriculturists and chemists for many years. Their conclusions may be found 
in several publications listed in the bibliography. 

Insecticides, fungicides, and disinfectants.— Lime, dry or as whitewash, may be used 
as a mild disinfectant. It also enters a number of insecticides, fungicides, and disin- 
fectants used for spraying farm crops, gardens, orchards, and buildings. 

Calcium arsenate, one of the more important insecticides, is used for controlling the 
cotton boll weevil, tobacco worm, potato beetle, and codling moth. A cold solution of ar- 
senic acid is added to a diluted milk of lime, and calcium arsenate is formed as a white 
precipitate; this is filtered and dried, and the lumps are disintegrated to a fine powder. 
In this process a slow-setting, free-slaking quicklime with an available lime content of not 
less than 85 percent is used. Oxides of iron and alumina should be low, and the lime should 
be as free as possible from carbonates and other inert substances. Hydrated lime often is 
added to dry calcium arsenate at the time of use, and this also should have a low-magnesium 
content. 3 

Commercial lead arsenate, containing small quantities of calcium arsenate and hydrated 
lime, is used for the same purposes as calcium arsenate. Lime sulphur, one of the best 
fungicides and insecticides for fruit trees, is prepared by heating sulphur with milk of 
lime. Bordeaux mixture is a basic Sulphate of copper made by the reaction of copper sul- 
phate with lime. Lime used in these mixtures is the high-calcium type with a low iron and 


alumina content. !4 


industrial and Chemical Processes 


Lime is one of the most widely used chemical reagents in the industrial world. It is 
utilized in many manufacturing processes and enters directly into the manufacture of hun— 
dreds of articles. The processeS involved in the manufacture of products in which lime is 
used include neutralization, coagulation, distillation, precipitation, solution, hydrolysis, 
dehydration, high-temperature processes, high-pressure processes, gas absorption, saponifi- 
cation, and causticization. 

Obviously the kind of lime depends on the purpose for which it is to be used: Under 
scme conditions either high-calcium or magnesium lime can be used with equal success; under 
cthers, magnesium is objectionable. Quicklime is preferred for some processes, hydrated 
lime or ground limestone for others. Some of the industries and processes in which large 
tonnages of lime are consumed are discussed in this paper, and general specifications of 
lime best-adapted for each are given. Lime, however, is employed in so many processes that 
all of them cannot be included. ¢ 

Metallurgy.= Large quantities of lime are used in the metallurgical industries. The 
process of refining pig iron to make steel has as its object the elimination from the iron 
of certain materials that are undesirable or present in excessive quantities. Lime. finds 
its principal use as a fluxing agent in the basic open-—hearth process. It forms a basic 
slag for the removal of phosphorus and other impurities. The amount of lime used depends 
upon the quantity and nature of the impurities to be removed. In some localities limestone. 
is used instead of lime. The proportion of scrap metal in the charge offsets the quantity. 
of lime required. High-calcium lime low in silica and sulphur is preferred. Magnesia is 


13 National Lime Association, Lime--Its Use and Value in the Industrial and Chemical Processes: 1930, p. 38. 


14 Work cited, pp. 40, 41, 44. 
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undesirable, as it is not effective in eliminating phosphorus. ?° 

Lime is used also in a number of processes in the manufacture of iron and steel products. 
The molds in which pig iron is cast are limed to prevent the iron from sticking, either by 
spraying them with a@ wash or by passing the molds through milk of lime. The requirements of 
lime for this purpose are not very rigid, but it should form a slow-settling suspension and 
not contain too high a percentage of waste. ?° . a 

Lime is employed to neutralize the "pickling" liquor used to remove rust and scale from 
iron and steel before it can be cischarged into streams. As it is employed in the form of 
milk of lime, it should not settle rapidly and should not contain a high percentage of core 
or overburned material. ?! | 

In the process of wire drawing, lime is used for several purposes. The rods of iron or 
coils of wire are dipped in milk of lime to neutralize the acid remaining after pickling. 
The lime coating thus obtained serves as a lubricant in the drawing process and protects the 
finished wire from oxidation. Lime for this process must be absolutely free from grit and 
ash and must form a slow-settling suspension. !8 

Refractory brick.— Large tonnages of lime also are sold for the manufacture of silica 
brick, which is used chiefly for lining furnaces. Milk of lime is added to silica in quan= 
tities ranging from 1.5 to 4 percent CaO. The mixture is molded in forms, dried, and burned 
undef carefully controlled conditions. The lime serves as a bonding agent and also acts as 
an accelerator in the conversion reaction. Either quicklime or hydrated lime may be used 
for the milk of lime. It must be substantially free from ash, dirt, and core and must con= 
form to the following requirements as to chemical composition, calculated on a nonvolatile 
basis. }® 


|Percent 
Calcium oxide (CaO), minimum... cc cecccccccccececeeseeee cee | 92.0 
Magnesium oxide (MgO), maximuM... .........0.0. cece cecceeneee sere es | 3.0 
Combined iron and aluminum oxides (Fes03 and Al203), | 
BOA | MN sce he ecient ncn | 1.5 
Silica (Si02) and insoluble matter, maximum... .............. | 3.0 
Carbon dioxide (CO), maximun: | 
If sample is taken at place of manufacture............ | 5.0 


If sample is taken at any other place...........00.0.... | 10.0 


Dead=burned dolomite, used extensively as furnace refractory, is not a true lime but 
sometimes is classed as refractory lime. 

Paper.- The manufacture of paper is another large lime—consuming industry. Lime serves 
in several chemical processes of preparing the raw materials. In what is known as the sul- 
phite process it is combined with sulphur dioxice to form an acid liquor that at high ten- 
perature and pressure dissolves and removes all the constituents of the wood chips except 
the cellulose. Either quicklime or hydrated lime may be used, but in either case a dolo- 


15 Work cited, p. 9. 

16 Work cited, p. 10. 

17 Work oited, p. ll. 

18 Work cited, p. ll. 

19 American Society for Testing Materials, Standard Specifications for Quicklime and Hydrated Lime for the Manufacture 
of Silica Brick: C4924. 
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mitic lime is preferred because magnesium bisulphite is more soluble than calcium bisulphite, 
its decomposition products also are more soluble, and it produces a softer, whiter pulp. 
The ratio of magnesium oxide to calcium oxide should be reasonably constant and the lime 
moderately free from impurities. The chemical composition of quicklime must conform to the 
following requirements, calculated on a nonvolatile basis. 7° 


|__Calcium lime | Magnesium lime 
| Maximum |Minimum|Maximun|Minioug 


Calcium oxide, percent... eereee ty SOS a ctaitonad ie | 56.5 

Magnesium oxide, percent... cee. Ii 286 leatccrete l soidtietcons | 40.4 

Oxides of silicon, iron, and | | | | 
aluminum, percent... ee a a eee Uy. Cedi steers 


In the soda process wood and other fibers are digested with a caustic-soda solution. 
Lime is used as a causticizing agent in recovering the caustic soda from the wash by liberat— 
ing the sodium hydroxide. It serves the same purpose in recovering the sodium sulphate in 
the sulphate process. Either quicklime or hydrated lime can be used, but quicklime general— 
ly is preferred because the heat generated by its slaking hastens the reactions. It must be 
low in magnesia, highly reactive chemically, quick settling, and quick slaking and have an 
available lime content of 85 or more percent. ”} 

Rags for the manufacture of paper are cooked in a digester under steam pressure with 
lime or with lime and soda ash. They are then washed to eliminate as much of the noncellue 
lose material as possible. The standard quicklime for use in cooking rags shall contain 90 
percent available lime calculated on the basis of the weight of the sample taken at point of 
manufacture. Hydrated lime must contain 64.3 percent available lime calculated on the same 
basis. 7? | | 
Water treatment.— Lime, or a mixture of lime and soda ash, is used extensively for 
softening water. When water contains considerable quantities of the bicarbonates and sul— 
phates of calcium and magnesium it is "hard." The carbonates of calcium and magnesium are 
very Slightly soluble in pure water, but when carbon dioxide comes in contact with the water 
containing these compounds the weak carbonic acid formed dissolves and holds in solution 
Calcium and magnesium as bicarbonates, thus producing hardness. When an excess of lime is 
added to hard vater it immediately combines with the carbon dioxide present and forms cal- 
cium carbonate, and as the solvent is thus removed the bicarbonates held in solution are 
precipitated. Thus, lime in suspension removes lime in solution. The precipitation of lime 
also assists in clarifying water and removing bacteria. 

The character of treatment depends on the nature of the raw water and the purpose for 
which it is to be used — whether for human consumption or for use in industrial processes. 
The essential features of the process involve preliminary settling of the water in large 
reservoirs and the addition of lime and other materials, such as soda ash, iron, or alun, 
to coagulate the impurities and remove temporary or permanent hardness. 

The only useful constituent of lime for the treatment of water is the caloium oxide 
capable of reacting with the chemicals which are already in the water or which are added to 


20 American Society for Testing Materials, Standard Specifications for Quicklima for Use in the Manufacture of Sul— 


phite Pulp: C46=27. 
<1 National Lime Association, Lime—Its Use and Value in the Industrial and Chemical Processes: 1930, p. 15. 
22 American Society for Testing Materials, Standard Specifications for Quicklime and Hydrated Lime for Use in Cooking 


of Rags for the Manufacture of Paper: C45-25. 
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it. Inert material makes more sludge to be disposed of and thus reduces the capacity of the 
equipment in which it is used. The lime therefore must be substantially free of core, ash, 
and dirt and capable of disintegrating in water into a suspension of finely divided material. 
Standard quicklime for use in water treatment must contain 90 percent available lime calcu- 
lated on the basis of the weight of the sample taken at the point of manufacture.?3 Hy- 
drated lime for this use must contain at least 68.1 percent available lime. 74 

Glass.- There are many kinds of glass, and raw materials and processes used in their 
manufacture vary. Lime is used as a raw material of plate, sheet, and bottle glass and of 
a large proportion of the pressed or blown glass. Silica in the form of sand is admixed in 
carefully weighed amounts with an alkali metal compound, usually sodium carbonate or sodium 
sulphate, and an alkaline earth compound, usually granulated quicklime. 

The chemical requirements of the lime depend upon the kind of glass to be produced. 
The National Lime Association gives the following requirements. ”° 


For optical glass the iron oxide should be practically zero, whereas in bot~ 
tle glass 0.5 percent is permissible, with nearly the same limits for blown or 
-sheet glass. The silica or alumina may run as high as 15 percent for bottle 
glass, but it should be very much less for the other grades of glass. The sul- 
phuric and phosphoric anhydride should be low, not exceeding 1 percent for bottle 
glass and diminishing through the other kinds to about 0.2 percent for optical 
glass. The combined CaO and MgO preferarly should be at least 89 percent for 
bottle glass, 91 percent for sheet glass, 93 percent for blown glass, 96 percent 
for rolled giass, and 99 percent for optical glass. : 
Quicklime should not contain more than 3 percent and hydrated lime not more 
than 5 percent carbon dioxide. The requirements regarding the state of division 
of the quicklime are variable, depending upon the conditions under which it is to 
be used, but, unless otherwise specified, it should pass a 12-mesh sieve. 


Hydrated lime in varying percentages is used in admixture with plaster of paris for 
bedding plate glass on grinding tables. 

Leather.— In the leather industry lime is used in the depilation process. The skins 
are soaked in vats containing lime water to which such "Sharpening agents" as arsenic sul- 
phide, sodium sulphice, and sodium hydroxide sometimes are added. The action of the lime is 
to swell up and soften the epidermal cells and dissolve the mucous layer, thereby so loosen-—- 
ing the hair from the hide that it may te removed mechanically. 

Either quicklime or hydrated lime may be used. It should have an available lime or 
Calcium hydroxide content of at least 85 percent and lime should settle very slowly in sus- 
pension. 7° The presence of magnesia and clay is injurious, not only by diminishing the 
amount of lime present but by making the lime much more difficult to slake; iron oxides, 
though quite soluble, may become fixed mechanically in the grain of the hide and cause 
stains.?? The use of hydrated lime would rerove the objections to magnesia but not those to 
iron. In making morocco leather, however, high-magnesium lime is used. 


23 American Society for Testing Materials, Staudard Specifications for Quicklime for Use in Water Treatment: C53~27. 

24 Aavrican Society for Testing Materials, Stanaard Specifications for Hydrated Lime for Use in Water Treatment: 
Cb 4~27... | bent re | we ae , 

25 National Lime Association, Lime—Its Use and Value in the Industrial and Chemical Processes: 1930, p. 23. 

26 Work cited,.p.. 27. - ; 

27 Proctor, H. R., Principlos of Leather Manufacture: 2d ed., D. Van Nostrand Co., New York, 1922, p. 121. 
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Calcium carbide and cyananide.= Calcium carbide is made by heating a mixture of lime 
and carton, in the form of coke, charcoal, or anthracite, to a very high temperature. Calcium 
cyanamide is made by treating this fused mass with nitrogen, in which process lime facili- 
tates the reaction of the nitrogen with the carbide, — 
| High-calcium quicklime is required for this use. Magnesia and alumina are undesirable, 
and the phosphorus and arsenic content especially should be low to avoid acetylene explo= 
sion. 78 . ae | ae at ok ere See. 

Alkali works.— In the manufacture of sodium hydroxide, or caustic soda, lime is added 
as a causticizing agent to a solution of sodium carbonate (soda ash). The caustic liquor 
thus formed is then filtered or settled to obtain a clear alkali liquor, which upon evapora— 
tion forms the sodium hydroxide. 

since the function of lime in this process is to furnish soluble alkali, a high-calcium 
lime must be used. Quicklime having an available lime content of at least 85 percent is 
preferred. Magnesia is inactive as a causticizing agent, and its content preferably should 
be not more than 3 percent. 7° 

Lime is added to crude coal gas to concentrate rude: ammonia liquors, and it is used 
also in the distillation of these liquors to produce aqua ammonia, anhydrous ammonia, or 
ammonium salts. The quicklime used in these processes should contain not less than 90 per-— 
cent available calcium oxide, and at least 95 percent of the lime after being slaked should 
pass a 50-mesh sieve and not more than 10 percent be retained on a 200-mesh sieve, °° 

Sugar.— Milk of lime is used in clarifying and purifying juice extracted from either 


- beets or cane to be used in the manufacture of Sugar. When added to the juice and heated 


almost to boiling it combines with the acids, breaks up and precipitates other organic com 
pounds, and forms insoluble salts. When beets are used it forms an insoluble compound with 
the sugar, and the juice is treated with carbon dioxide to disintegrate the lime and sugar 
and throw off the lime as calcium carbonate. This precipitate carries off all suspended 
matter, leaving a clear solution of sugar. In the Steffen process ground quicklime is used 
to precipitate sugar from impure molasses. For the reason that carbon dioxide is used in 
clarifying beet sugar, factories using beets produce their own lime and use the carbon 
dioxide obtained from the kilns for the carbonation process. Manufacturers of cane sugar buy 
their supplies of lime. Lime also is used in small amounts in refining sugar. The raw 


sugar is reduced to a syrup, which is treated with milk of lime and phosphoric acid to carry 


off impurities as a precipitate. 

This industry requires the purest grade of high-calcium lime that can be obtained. 
Except in the Steffen procesg it may be used as quicklime or hydrated lime. Acoording to 
specifications recommended in National Bureau of Standards Circular 207, iSsued in 1925, the 
hydrated lime should be of such size that 98 percent of it will pass a 200-mesh sieve; lime 
powder, or ground quicklime, should be of the same fineness but not so fine that it will 
"ball" when rotated in a 40-mesh bolter at 20°C. The lime must meet the following chemical 
requirements: 


28 National Lime Association, Lime—Its Use and Value in the Industrial and Chemical Processes: 1930, p. 31l.. 

<9 Work cited, p. 57. . 

270 National Bureau of Standards, Recommended Specifications for Quicklime for Use in the Distillation of Ammonia from 
Anmnonia Liquors Obtained in Coke and Gas Manufacture: Cire. 373, 1929, 6 pp. 
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| | Sugar |Magnesium| Loss on 
; |soluble| oxide, |ignition, 
| line, | mnaxinun | maximum 


Iminimua | 


sis ee ces 
Quicklime for Steffen process| $0 | 3 | 2 
‘Quicklime for other purposes. .| 85 | 3 | 5 
LimO: pOWdOT 6.0505 sictatsecncemncvnes. | 90 | 3 | 2 
Hydrated lime... Peer | 85 | Bil orcesea pastas 


Glycering, soap, and lubricating greases.— Correct proportions of lime and animal or 
vegetable fat, mixed with a little water, are heated until the chemical reaction is com 


plete. The glycerine in the fat is liberated and, after settling, is neutralized with lime 
and evaporated to crude glycerine. The soapy jelly remaining is mixed with mineral oil to 
form lubricating grease, or it may te treated with sulphuric acid and used in the manufacture 
of soap and allied products. 

A high-grade, high-calcium lime is necessary in this process. It should contain less 
than 2 percent magnesia and less than 1 percent insoluble material, and the available lime 
content of quicklime or the available calcium hydroxide content of hydrated lime should be 
at least 90 percent. *! 

Paint and yarnish.~ The simplest form of paint is whitewash prepared by mixing lime and 
water. Various formulas now are used in preparing water paint for various applications, but 
the essentials are lime, pigment, and casein. Lime performs several functions in paint. 
As a protecting agent, soluble lime penetrates wood and there carbonates, protecting it 
against weathering and increasing its fire resistance. As an alkaline material lime, or 


{ 


carbonate, prevents rusting of iron and corrosion of other materials. Because it is white | 


and possesses good covering and working qualities, hydrated lime serves as an excellent, | 
economical, and readily available pigment. Lime also functions as a cementing or bonding’ 
agent in paints just as in plasters and mortars. It probably also improves the disinfecting 


properties of paint and makes it more suitable as a sanitary coating. °? 


In general, any hydrated lime that gives a smooth, fine-grained, and slow-settling sus-—- 
pension may be used in paint. The selection of a particular lime for a given formula must 
be governed by the other components of the mixture and the use to which the paint is to be 
put. 33 | 

In the manufacture of varnish, lime is added to melted resin to neutralize the acid in 
it and to clarify and harden the varnish. For this purpose lime must be hydrated completely 
and must conform to the requirements of the tung-oil—heat test. Not more than 10 percent 
must be retained on a 250—mesh sieve. It should have a minimum calcium oxide content of 
94 percent, and to avoid undesirable color effects the iron oxice content must not exceed 
0.4 percent, °4 

Bleaching powcer and bleach Liquor.= Bleaching powder, chloride of lime, or chlorinated 
liquor is formed by the action of chlorine on roist slakei lime. Liquid bleach is made Ly 
subjecting a milk-of-lime suspension to the action of chlorine. High-calcium quicklime or 


31 National Bureau of Standards, Recommended Specifications for Quicklime and Hydrated Lime for Use in Soap Making: 
Cire. 372, 1929, 6 pp. 

52 National Lime Association, Lime--Its Use and Value in the Industrial and Chemical Processes: 1950, p. 74. 

33 Work Gited’ pp. 14-75. a _ 

34 American Society for Testing Materials, Standard Specificatioz for Hydrated Lime for the Manufacture of Varaish: 
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hydrated lime is used for these products. It should have no appreciable amounts of impuri- 
ties, including magnesia, as they accelerate decomposition of the bleach. °° 

Sand-line brick.- Sand-lime brick is made by mixing sand and lime, pressing the admix— 
ture into brick form, and treating it with high steam pressure... The lime, reacting with a 
portion of the silica on the surface of the sand grains, forms calcium silicate, which binds 
the rest of the sand grains together. The lime must be completely hydrated before the mix— 
ture is pressed, otherwise subsequent hydration will cause expansion and rupture of the 
brick. For this reason many manufacturers find it better to have their. own hydrating plants. 
A high-calcium lime is required to insure proper hydration. The Mg0 content preferably 
should be less than 5 percent, and the lime must be highly reactive chemically. °° 

Vienna lime.—.Vienna lime is made from high—magnesium limestone or dolomite, with traces 
ohly of iron, silica, and alumina. The rock is grayish white and fine-grained and contains 
certain characteristic fossils (gastropods), which are said to affect Its qualities ma— 
terially. The stone is calcined carefully by a secret process, and the lime is cleaned, 
ground, packed in sealed containers, and sold to manufacturers of buffing compounds. Eard= 
lpy-Wilmot states that the most important use of Vienna lime is for "coloring" nickel after 
it is plated to give it the deep "under-surface" blue peculiar to the metal. °?7 


PRODUCTION 
Statistics 


Lime statistics include refractory lime (dead-burned dolomite). Table 1 has been com— 
piled to show the growth of the lime industry in the United States since 1904. Available. 
data indicate that production in 1935 was about 35 percent of total plant capacity. 


TABLE 1.=— Quantity and value of lime sold _ in the United States, 1904-34 


Year | Short tons| Value Year |S | Short tons| Value 
1904 (2,707,809 |$9,951,456|/1919 |3,330,347 |$27,643,000 
1905 |2,984,100 |10,941,680|/1920 [3,570,141 | 37,543,840 
1906 |3,198,087 |12,480,653|/1921 |2,532,153 | 24,895,370 
1907 |3,092,524 |12,656,705||1922 |3,639,617 | 33,255,039 
1908 |2,766,873 |11,091,186//1923 |4,076,243 | 39,993,652 
1909 [3,484,974 |13,846, oreii1se |4,072,000 | 39,596,423 
1910 |3,505,954 |14,088,039||1925 |4,580,823 | 42,609,141 
1911 |3,392,915 |13,689,054||1926 |4,560,398 |. 41,566, 452 | 
1912 |3,529,462 |13,970,114||1927 |4,414,932 | 38,638,413 
1913 |3,595,390 |14,648,362/!1928 |4,458,412 | 36,449,635 
1914 |3,380,928 |13,268,938||1929 |4,269,768 | 33,478,848. ~ 
1915 |3,622,810 |14,424,036||1930 |3,387,880 | 25,616,486 
1916 |4,073,433 |18,509,305|/1931 |2,707,614 | 18,674,000 

| 

| 

| 

4 


1917 |3,786,364 |23,807,877||1932 |1,959,990 | 12,302,231 . 

1918 [3,206,016 |26,808,909||1933 |2,269,280 | 14,253,659 
| - jf | |1934 |2,397,087 | 17,164,024 
| | | [1935 4|2, 955,000 


21,438,000! 


Ipstimated. 
Table 2 shows Sales of lime, by States, for a series of years. 


a 


35 National Lime Association, Lime—Its Use and Value in the Industrial and Chemical Processes:- 1930,.p.-50.°- 


r 


36- Work -oited, p: a: Pr hve Sees, Geet, Se Os ete vas Chas tact ale | Ma ore. f re 
37 Eardley-Wilmot, V. L., Abrasives——-Part I, Siliceous Abrasives: Canada Dept. Mines, Mines Branch Publication 673, 
1927, p. 97. 
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TABLE 2. = Lime sold by producers in the United Stutcs 1925 54, by States 
* -(All quantities in short tons) 
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|uo25__|__1926_|__1927_|__1e28_|__1920_|__ 1930 _|__1os1_|__ios2_|__iess_|__i9034_ 
206,010| 192,364| 209,260| 164,822| 137,423] 


Bi Mien swiisciate: | 207,699] 
ATi ZONA... cele 39,045] 
Arkansas. .............. 24,791| 
California............ | 70, 805| 
Colorado. ..c:sici0sii | (1) | 
Connecticut..... al 58, 449| 
Florida... u.. | 17,793] 
WOO CRE Bo wiaisivcnncseensce | (1) | 
Hawaid. oo... ee o. em 
Idaho...... ...... oer ay. 4 
UEC. St ne | 96, 066| 
Hodes sccsitseied | 127,878| 
Iowa... mee | 
| 9,433; 
EGBA RAG iaies ek ccincs rcste aman a | 
ee | 115,571| 
Maryland....esccee ee | 64,518 
Massachusetts........| 197,732 
Michigan... 0. | 95,036 
Minnesota............. a: 
MiSSOUTL 0. .eecsssen | 273,348] 
MOE ADE .icericcicesans | 6, 269 
OVER a cinsiscicaissicss | (1) | 
New Jersey pola (1) | 
New Mexico............ | 1,329 
ee Oy ae | 104,829] 


ee ee 1,089,385] 1 
Oklahoma....... sess. a) | 
DEO siieiicicdnteicdas | (1) | 
Pennsylvania..........| 794,951 
Puerto Rico... | 9,988] 
Rhode Island.........| (1) | 
South Dakota.......... a) | 
Tennessee................ 175, 635| 
eden css mitral | 74,638] 
ea 22,062 
VOCMIU Bice ociiiins cctv | 66,245 
Virginia... cess | 192, 429| 
Washington...... ...... |  29,636| 
West Virginia........ | 270,895] 
Wisconsin................ ; 244,903| 
Wyoming | 


220,732| 
42,757| 


ay | 
103, 180| 
126, 005 
a) | 
8,550| 
a) | 
128, 120| 
63, 639 
202, 065 
107, 671| 
28, 522| 
263, 467| 
8,099) 
23,162| 
(1) 
2,032| 


107 , 326| - 


ay | 
056,589 
257 

785 
794,196 
7,116| 
2,857| 
(1) | 
173, 363| 
78, 293] 
29,953| 
56,378| 
188, 696| 
23,783| 
267, 464| 
216,414| 
a) | 


41,859] 
35,375| 
64,934] 
11,900] 
53, 304| 
5,317| 
13,533 
5,679| 
a) | 
115, 803| 
116,171| 


101,172! 
a) | 
267,776| 
11,607 
a) | 


2,042| 
98,071| 
a) | 


987,726] 1 


a) | 
1,105| 
813,571 
7,516 
2,937 
a) | 
181, 385| 
80,796| 
48, 882| 
61,024 
178, 426| 
23, 999| 
244 ,950| 
197, 667| 


36 ,244| 
40,438 
60,751| 
8,114| 
48, 152| 
4,748| 
12,890| 
6,284| 
a) | 
115,523 
107,209] 
fly 


eee eee eterene 


123,023] 
59, 508| 
171,944] 
104,917 
Q) | 
303,014] 
a) | 
a) | 
a) | 
2,002| 
93,354] 
a) | 
013,676| 


42,971| 
33,647| 
49.753| 
7,046! 
35, 180| 
a) | 
10,757] 
6,384| 
a) | 
119, 382| 
116,795] 


(1) 
(1) 


a) | 
316,579| 
(1) 
a) | 
1,644| 
a) | 
104,614| 
(1) | 
962, 415| 
a) | 
2,486| 
782,915| 
10,114] 
1,885| 
(1) | 
172,936| 
97, 332| 
46,581| 
53,128| 
153,170| 
31,598| 
308, 600| 
130, 902| 


35, 642| 
30, 349| 
51,302| 
6,777| 
28, 489| 


53, 090| 
107, 502| 
80, 241| 
a) | 
265,771 
a) | 
a) | 
a) | 
2,369) 
83,078| 
ay 7 
736,305| 
(1) 
1,741| 
633,520] 
9,764| 
2,638| 
fe] 
147 ,648| 
74,081| 
27 , 522 
45,963 
146, 996| 
26,913| 
228,230] 
64,989| 
(1) 


22, 567| 
22,520| 
41,371| 
4,646! 
a) | 
a) | 
5,139| 
7,332| 

880| 


a) | 
224, 416| 
2,028| 
a) | 


a) | 
497 ,258| 
11,302| 
2,042| 
2,682| 
113, 268| 
45,553 
18, 192| 
30,226| 
100, 653| 
20,619| 
170,420] 
42,621 


92,359| 107,810| 123,881 


11,061 


a) | 
174,427| 
1,016| 
ay 4 


a) | 
106,706| 
35,903 
9,092| 


8,587] 
(a) + | 
35,754| 

2,€87| 


(1) 
230,051| 
1,251| 

(1) 

(1) 


(1) 
433,795] 
5,631 
1,503| 
(a) | 
119,587 
36, 286| 
8,557| 
28,509 
24,597 
17,214| 
121, 473| 
28, 909| 


w 
oD 
a 
re) 

eA eee 


16,003 
(1) 
34,733 
3,712 
(1) 
14,207 
2,664 


36,050 
(1) 
562,041 


(1) 
122,818 
36,620 
9,611 
31,218 
94,041 
22,764 
143,071 
33,856 


| Poe eee eee ee eee eee | eee Fete Bee eee | See Ree eee eee | ee eee ee 


Undistributed.....|__99.415|___22.281|__66.229|___97.642|__20.125|___70.180|__65.420| 72.203] 117.980.115.316 
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| 4,580,823| 4,560,398| 4,414,932| 4,458, 412| 4,269,763| 3,387, 880| 2,707,614] 1,959, 990| 2,269, 280| 2,397,087 
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Table 3 shows sales of lime for a series of years by major uses. The tonnages sold 
for each use indicate trends in market demands. 

An analysis of sales of ‘lime by users and by districts over a period of years, a dis- 
cussion of the relation of sales to general conditions and to allied activities, and the 
extent to which consumption of lime is keeping pace with related products are given in 


another Bureau report. °8 


Economics of Plant Location 


The main factors to be considered in locating a lime plant are quality and extent of 
raw materials, conditions for quarrying, fuel supply, markets, and transportation facili- 
ties. The importance of considering carefully the character of raw materials available in 
relation to the type of lime in demand should be emphasized. The adaptability of limes for 
various products has been discussed already. 

Table 4 has been compiled to show the lime-producing avatetets of the country and the 
kinds of lime produced in each. 


38 Hatmaker, Paul, Trade Trends in the Lime Industry: Rept. of Investigations 3227, Bureau of Mines, 1954, 17 pp. 
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TABLE 3.— Lime sold by producers_in the United States, 1912-34, by major uses! 
(All quantities in short tons) 
| Total | Total | | | | Glass | Sand 
Year ! (quick and|hydrated |Building Imetallurey 'Refractory | works | lime and 

lnydrated) | | ey een ey eee ae Caer =o Slag brick 

LOL 2s Geeacie | 3,529, 462 416,890 11,556,446 |... ee or eee ee ae ace cee 
1913. .........] $,595,390| 493,269|1,358,099! 0... aoe eee fice earn at leeceatea sascha 
VOVA 25 sists | 3,380,928] 515,121|1,163,433) oo... t detotinge splice cnetescegotetitacie bs lduieiancareenn 
ic) eee | 3,622,810] 581,114]1,149,733] 00... i rauaaon tie tf nen lage Sela eiaea eee eee eee: 
1916 ..........| 4,073,433! 717,382|1,509,568 | 120, O18 in ce ietectatcit | Giepiehietcasecn.ae: [taben Lagasraethantans: 
VOLT ac crsasass | 3,786,364) 709,15711,213,493| 209, O76 | sce teadsettened | 60,624]... ae 
PODS asses | 3,206,016] 620,216] 914,186! 253,778! 318,856! 34,051! 7,417 
L9G iaccss | ¥,330,347| 777,408|1,191,434| 295,622! 222,036] 44,618 | 5,096 
1 OPO. Aeaisess | 3,570,141! 9853,11611,305,412| 344,921) 316,293] 54,747 | 19,520 
1921 cstietes | 2,532,153| 792,970'1,239,486|  164,245| 107,664| 43,851! 5,464 
1022 a cesetece | 3,639,617/1,106,063|1,845,208| 200,799,  348,838| 62,187| 22,612 
VO2S  sicdiconsss | 4,076,243 |1,225,928/2,131,533! 373,020] 357,642! 78,942 | 14,854 
1924. 0... | 4,072,000|1,316,66412,169,700| 336,813) 328,659 72,822 | 26,549 
DO? Dis ieatas | 4,580,823 11,560,848 |2,387,267; 411,190] 392,147] 73,011 | 25,144 
1926 piectiens | 4,560,398'1,606,811|2,320,323| 408,234] 386,715] 84,263 | 39,821 
LOOT chanics | 4,414,932|1,596,906 12,148,840! 406,063| 374,415] 78,994 | 43,064 
1928. sis sc. | 4,458,41211,612,818!1,986,465|  504,248| 448,761] 76,161 | 47,527 
1929.00.00... | 4,269,76811,550,77111,640,827! 578,488! 488,032] 75,283 | 42,540 
1930. ... ...... | 3,387,880 |1,329,56211,204,614! 415,692] 351,740] 62,912| 29,506 
1931... ....... | 2,707,614'1,119,266| 947,C85| 290,352| 243,769] 59,148! 17,530 
W932: oiscidenn | 1,959,990| 852,251| 596,825| 170,518] 135,733) 51,142 | 13,524 
1933. oes. | 2,269,280| 840,407] 533,088! 265,963| 261,812! 82,634 | 4,349 
1934 __s—«|_ 2,397,087 |__829,340!__511,419|___334,406!___ 324,868 | 76,232!____—Ss_—s8 446 
| Agricul~ | Paper | Water | | Sugar | Total {Total not so 
Year | ture | mills lpurifica—|Tanneries | refiner— |accounted for |accounted for 
ae ae. (ition =. |____ies__|by major uses] 
iS) eee | 604,607] 290,347]... | 40,595] 30,988| 2,522,983| 1,006,479 
1913.00.00... | §90,229| 284,090]......0.0.... |  49,591| 32,236] 2,314,245, 1,281,145 
1914.00.00... | 684,348| 242,998]... | 49,393] 31,931] 2,172,103; 1,208,825 
i) | 673,260| 216,819]... | 47,104] 34,025] 2,120,941| 1,501,869 
DONG shesicstnd | 613,527| 353,187] 0. | 59,919| 21,923; 2,738,542! 1,334,891 
POUT osc: | 488,297! 355,768]... | 66,629, 47,546| 2,542,333| 1,244,031 
VOT acta, | 391,047] 325,172]... | 74,350} 36,494| 2,355,391] 850,625 
1919: a ctsseiest | 438,632] 335,813), | . 59,978{ 13,111! 2,606,340! 724,007 
VS20 ci sacie, | 351,851] 265,897 | 90, 533 | —61,162| 14,145] 2,924,481 645,660 
VOOM ites tects | 284,722| 235,855| 74,201; 47,841; 12,225| 2,215,554| 316,599 
LOEB iso tiscs | 272,726|° 310,229] 87,432| 42,978| 16,393]  3,215,402| 424,215 
1923.......... | 240,551| 311,309! 92,4c6| 53,906| 13,044| 3,667,207] 409, 036 
1 | 248,336! 300,101| 113,577| 53,349; 17,061| 3,666,967] 405,033 
1028 cists | 298, 976 | 376,670! 115,776,  62,933| 19,089] 4,162,203| 418,620 
1926 iia cis, | 297,010|. 423,322| 139,478] 66,536, 15,379| 4,181,081] 379,317 
O27 eicsctste | 322,893] 429,606] 124,212| 63,666|  16,086|/ 4,007,839| 407,093 
1928... | 333,910! 429,334| 145,757|  64,464| 22,678| 4,059,305| 399,107 
1929 ic. cxuas | 338,329] 411,017| 156,117, ~ 67,c46| 20,758| 3,818,437] 451,331 
L950, poixieiniss | 343,111| 378,721| 161,805!  56,526{ 18,905| 3,023,532| 364,348 
BOS Ee pancst |  297,312| 286,745! 160,384; 54,604! 18,185| 2,375,114] 332,500 
1932......0.... | 244,574] 259,418] 142,594] 45,943;  22,628| 1,682,899] 277,091 
oh ee | 246,110| 304,729| 174,694, 70,662! 17,372| 1,961,413 307 , 867 
1934. _|___ 222,077 |__293,798!__183.581|____ 62,745 | 29,528|____1,304,604!_____ 358,987 


IQuantities listed under the several uses include both quick and hydrated lime. 
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TABLE 4.— Kinds of line produced in the United States, by States and counties 


State | County ! 
or | High-calcium | High-magnesium | Low-magnesium 
Territory i. 0) io lime | lime | lime 
Alabama... PEO Gee teteeoioe eens \Jefferson... cc . |Colbert. 
|Colbert eee em ae | |Shelby. 
POMS Vey ate tarde | | 
Arizona................ COC ISOs cgi Se rtutdenauce ts | |Yavapai. 
WWavaped ised iodine | | 
Arkansas.............. | Independence.................. | | 
fA Te cain cnlesieestaaseniite | | 
|Washington..w. | | 
California.......... VAL AME OG ncsceteetumediucs aliens | |Eldorado. 
[BLGO Tad Ovatisidiiarpiaines, | | 
|San Bernardino.............. | | 
pSan tae CPUS hcsuslesnieled.ant | | 
Barn Eo eee een ey nee | | 
| Tuolumne Gel tedaptok tment | | 
Colorado.............. EL POS Ohyssespetiasene andreas | | 
|Pueblo............ Pe faoneadenttce: | | 
Connecticut........| PRRECHTIOU G5 ie.t ces we. | 
FILOTIdai nani | Dade wing aes haanon Gn aeltutiasceeleees |Marion et Ce er ener Oe | 
PMA PAOD i jectesicoberletentacs | | 
Georgia................ | |Bartow Bide Di pata h latest ota | 
Hawal dicots. |Oahu Island... | | 
is te o Deere ee | Clearwater Pedersen Sees e agate |Kootenai ee ee rere | 
[Kootend Lxicnnnsnicas | | 
LIV INO 1S io seis sda | Adams cfdaeda tie Pod pais ealisatee | Cook bec aida view Masts aetnckete a ahtieseces | 
COOK sah onsend tinted ene, [Rock Island... | 
Sites CVA Riese rcumtenttals | | 
TOO UAN Os io.crcaesvesd: |Cass Bad vlrauhban Aare iy eraeaanianGuore® |Huntington SR ee eee ae |Marion. 
(HAR CUS ONS paccasactectartit | | 
|Lawrence eas Giceaaiel pnraieeunns | | 
MAT LON tre ccctsisateanabane | | 
Washing ton entsttion i | | 
Kentucky............. |Rockcastle..w. | | 
Louisiana............ |Evangeline ee Seren | | 
Maine... PRC esicicrieisnce Cecancn cca eee (NOS ete tae eee |Knox, 
Maryland... |Baltimore iO heahlede eed sup ate Baltimore... |Frederick. 
PRECCOC ICH eiitencste sth onus, [Frederick |Carroll. 
| | |Washington. 
Massachusetts....|Berkshire..... |Berkshire.... i. |Berkshire. 
Michigan.............. | Cheboygan............, Lawes PENG ts cn ceiestaticiciciientecediat |Emmet. 
: | Emmet Upc euorienn ean see omer |Menominee clashes Raa ped oaceaenes | 
|Menominee...... | 
Minnesota............ |Mover Ceci rattialseeste ohne rani maiate |Blue | 2 oh 5 CR Re ee ee ee ISt. Louis. 
ist: LOUL Siac ices |St. OUTS hoot tesince gino | 
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TABLE 4.-- Kinds of lime produced_in the United States by 
. ptates_and counties - Continued 


. Stete fees Pn County 
or | High-calcium |  High-magnesium (|Low-magnesium 
__-Territory |... ___dlime lime lime, 
Missouri... (GROCNEsidartiiordecctelnieniars | |St. Genevieve 
[JO ECO PS On tee scj tac Geet | | 
(LaWwrenCe cn aiciscentind: | | 
MATTOON menor ccsnnnnen | | | 
|St. Genevieve... | | 
Sit a LOW Sec ssteccchesanl dys | | 
Montana....... ........ |Deerlodge. wu. | | 
POW scree cree heradenese! | 
Nevada... RO VO Gi e yecdiistseaoariumeaas FN Senne eee ney ree |White Pine. 
WWE! Pino scioscet arta teens | | 
New Jersey. ........ ISussex. .. Seana neteas tanene | Somerset Datta bits doh sncdheaatate | 
| (WA ERO Tnctstiignsese cet atcapeiease | 
New Mexico.......... |San Miguel... | ) | 
New York.....0........ RO LEN VOD possieteadcelureriaigae DULCHESS iste enters IClinton. 
HPL Opt cease ee wet Conese) ik wea aten IHerkimer. 
PHOT REMOT vac eacannenetitats | |Ulster. 
Warrenetanccheatene: | | 
North Carolina.. |Henderson........0.0.00.00 | | 
ONL0!:2 son civeneince [Franklin... ee POLAR Mia icwiadhatastalnaaadin |Delaware. 
[Lawrence..... ee |GEOCNe iachenapedscania: lOttawa. 
HOR LAW a), tcaphsceiit oticprsesenins WHAT Ac apicsahed nstnase BngsAdiacee |Stark. 
PS Pee gegen aaa ear OCU AWAcicateecsich crn tte ee 
| Sandusky sc casiusncaa oe | 
| ISONOC A. faisilsichess as ornapiens | 
| WOO? txiseeatideinnenaGlise | 
| INVENIO sist ecscetesnecanictoestts | 
Oregon... cee PB AWO Ts: dsircsteteiemerrees | | 
: I Josephine... ee | | 
7 WET LOW estat dices | | 
Pennsylvania...... |Adams...0.0.0.. DUG carer pee rere eee |Acams. 
7 [BOGE OR iid cistcecccrswttiaa ap: Chester .s.5cieuticad ...[Blair. 
fp Bea 8 essa dedcteta teat oy ecaatee | Da tip hd We cdascestcdaccsennire: |Cambria. 
Us} 2) amen ee eee teat [Lancaster acictcsckcunoi |Center. 
|Cambria......... sii eSaeie sesG, MGS DEM OM iescstnuneaceaadyinsies IColumbia. 
POCONO PR yacraistegeensnnniies |Montgomery....... cee |Dauphin. 
[Columbiaiis Ani einen. | . & |Lancaster. 
|Cumberland......... ue. | oe |Lycoming. 
Dauphin... eee | Mifflin. 
[Lawrence ee | |Somerset. 
[Lebanon ee | Westmoreland. 
ILyComing........ eee | |York. 
WMA LE LA riseisiicccossaia dahon: | | 
|ROTK sto creeieictcctdideinaene! | | 
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TABLE 4.~ Kinds of lime produced in the United States by 
States and counties — Continued 


_ State | County ee 
or |  _High-calcium | High-magnesiun | | Lov-magnesium 
Territory | lime | line | lime 
Rhode Island......| | |Providence. — 
South Carolina..|Calhoun..w.... ee. | |Calhoun. 
South Dakota...... [Custer | | 
|Pennington... | 
Tennessee............ NC Ot © ee reent ue ee neateeaedons | |Cumberland. 
|Cumberland..... | | Knox. 
| Dickson Beane teas a aot emcees | |Montgomery. 
gra tei 2) Vereen ie eee arene | | 
[HOWS ON, csteeccie vases | | 
POR cascasecavaa Sanctions | | 
|Montgomery.... | | 
TOXAS....eeeccecseeeeee PC Ota Leos frchainisttatnanceeonad | |Coryell. 
POOTY OL rsusstontabacintaauasers: | |El Paso. 
PEL. PES Cisse civsinetiiaviepe tie’ | |Harris. 
PD AL VES der ntti cedanor ecto ncne | | 
[Ha tris Avecuecnaeueits, | | 
NITOV iSiomet actin | | 
| Williamson rae nomen emia | | 
Ut aM ecacsccdeasniunan OY: lo aera ee eee pl SOL LOM C iar ccemasceeiade | 
PSa dt TARO vis cass nhecnaiis PEACE 52 crcencawirstscsisctanint | 
SOV LET ichintsslansateuen, I TOCODG ea cnacicgAdunla atin ce | 
[TOOG LO Au srniiecannaner st 
Vermont... PACA ESON ctyericctataion teraction WANS ON nig ceseacitec ses | Chittenden. 
Chittenden... | | 
Franklin... | | 
PROC LAI: fgsnethe phase tastanaton | 
Virginia.........0... (BOtetourty:.<csiitanseks PAGS Ue dos hauestes ect oesaecta |Botetourt. 
PE Peden GK eee tating ta PROteLOURt waa aiaaton, |Loudoun. 
(GIRS: ie Su clon enetyserat | |Montgomery. 
|Rockingham....0.... 0... | |Rockingham,. 
| Shenandoah... | |Shenandoah. 
PTAZOWOL lp ccianadatagaxece | | |Warren. 
WSR steers cht a ‘| | 
Washington.......... (San DCAM siausct lasnitastuaiciees SUSU CNS xp cian cicaimcete |San Juan. 
PSPevenSesvntatacdrae, | |Stevens. 
West Virginia....|Berkeley... PUOLLErSOnttulnlebiien. |Berkeley. 
UPPes Ut astra mcaasenmtirs | | 
| WAY TO ie cdtaes tessa tiatutsi eatin | | 
Wisconsin............ PB PO NM tyetetiactacnieoslacgnanten PCa UO Uiclincacssniteanenien | 
| | Dodge sa iniestoke sateen Paces tse sels | 
| [RONG GU LaG 12.2 cotsdous: | 
| [Mand towoc.... ee | 
| | Ozaukee... cones | 
| | Sheboygan... | 
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QUARRYING LIMESTONE FOR LIME MANUFACTURE 


Relatively few limestones are suitable for the manufacture of lime, for, as has been 
shown, they must possess certain chemical and physical properties. Not only are deposits 
variable in their properties, but individual beds within a deposit also differ. An operator 
contemplating the opening of a quarry for lime manufacture, therefore, must determine first 
the suitability of the stone for the major use to which the lime is to be put. 

Methods of quarrying stone for the manufacture of lime are discussed only briefly in 
this paper. ‘A detailed discussion of this subject may be found in Bureau of Mines Bulletin 
269, Quarry Problems in the Lime Industry. 

Prospecting.— After a stone suitable for the manufacture of lime has been found the next 
steps are to determine the extent of the deposit and to study the conditions affecting the 
cevelopment of a quarry or mine. To insure prefitable operation a tonnage for at least 20 
years' work should be proved. An idea of the extent may be had by a study of outcrops and 
ty trenching and drilling. When the extent is known the tonnage may be estimated by multi- 
plying the length, depth, and width in feet by 160 pounds (the average weight of 1 cubic 
foot of limestone) and dividing by 2,000. 

Data on the composition, structure, and extent of the rock commonly are sought from 
surface conditions and trenching only. Such methods, however, frequently are inadequate for 
planning the development of a deposit. Prospect drilling is a valuable means of determining 
conditions at depth. Churn drilling generally provides adequate information on extent and 
quality. 

Conditions governing open-pit and underground _work.= The next problem is the proper 
method of cevelopment — whether an open-pit quarry would be more economical and how it should 
be developed, or whether underground mining should ke resorted to. The chief factors involv- 
ed are thickness of beds, position of beds — whether flat or tilted — strength and soundness 
of the rock, depth of overburden, topography of the region, and available area for waste 
disposal. - 

Cpen-pit quarrying usually is to be preferred when the rock has little or no overburden, 
because blasting by modern methods in ceep holes back of an open face is more economical than 
the more confined drilling and blasting necessary in underground work. Where approximately 
horizontal beds are covered with a heavy overburcen or where an opening in inclined beds 
must be carried beneath an ever-increasing burden of waste, underground methods are pre—- 
ferred. Underground methods are successful, however, only where the rock is strong enough 
to form a safe roof without timbering and with rock pillars spaced at moderate intervals. 

Other important factors, as explained before, are the composition, structure, and 
physical properties of the various beds of a deposit. Certain beds may be unsuited for the 
manufacture of lime and should be discarded or diverted to other procucts. On the other 
hand, many deposits consist of a series of beds that, while varying somewhat in character, 
fall within the qualifications that permit their utilization for lime. Selection of stone 
for a special kind of lime may necessitate a method of quarrying different from the one 
followed when lime of another grace is to be produced. It therefore behooves an overator 
to study his deposit carefully and to plan his operations for the most efficient production 
of the kind or grace of lime desired. : 

Stripping.= The stone must be stripped clean, for silica and alumina, the chief con- 
stituents of a sand and clay overburden, are harmful impurities in lime. Mechanical strip-— 
ping is the most economical method if conditions are favorable, but it is sometimes necessary 
to strip by hand irregular rock surfaces with large pockets of sand and clay or to shoot 
overburden and rock down together and separate them later on the quarry floor. This process, 
however,..is..tedious..and wasteful unless a washing plant is available. The difficulty of 
stripping rouzh surfaces may.prompt operators to resort to mining methods. 
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Drilling and blasting.— Most open-pit quarries are worked in single benches that may be 
20 to over 100 feet high, Holes the entire depth of the face and about 6 inches in diameter 
are sunk with churn drills, and moderately heavy blasts loosen the rock. If charges are too 
heavy, an excessive proportion of fines is produced; if too light, much secondary blasting 
is required to reduce the large blocks of stone. If quarry conditions are unfavorable for 
churn drilling or if several ledges differ enough in quality to require quarrying separately, 
piston drills or hammer drills may be used on low benches. Holes may be drilled vertically 
from the top of the bench or horizontally at the base ("snake" holes). The spacing (distance 
apart in the row) and burden (distance back from the face) of drill holes is governed by the 
toughness of the rock and varies in different deposits. The proper spacing and burden can 
be determined only by experience, | - 

Methods of underground operation, which are quite complex, are described in detail ina 
Bureau bulletin. °° 

Sorting and loading.= After the larger blocks are broken with dynamite they are reduced 
further to sizes suitable for charging into the kiln. Large unbroken rock may be loaded with 
mechanical shovels, but it must be crushed and screened later. Many operators prefer hand— 
sledging to mechanical crushing because it produces less fines; hand-loading, which involves 
hand-sorting, is advantageous because it permits selection according to quality. Hand-picked 
stone makes a higher-grade lime than unsorted material loaded with shovels and sized with 
mechanical equipment. 

Ouarrying to obtain a anerore grade of li ime.= When the properties of stone at “several 
levels or in several zones of a quarry face vary, rock of average quality with regular dis- 
tribution of impurities that are not removable easily may be obtained only by mixing the 
stone from the various beds. In horizontal beds uniform quality may be obtained by shooting 
down all the ledges. together in a mixed mass, loading the rock. by hand, and distributing 
successive cars from each loading point, to different kilns. The finished lime also is mixed 
during lozding. When conditions are not favorable for single-bench operation, a quarry may 
be work:d in a succession of comparatively low benches, but work must be carried on simul— 
taneously on all benches. Carloads of rock from the several levels then must be taken to the 
kilns in regular order. When beds are inclined it is more difficult to maintain uniformity, 
and under. some conditions underground methods offer advantages. 

Cnarrying to obtain special kinds of lime.— Whereas efforts formerly were directed 
chiefly toward producing a single uniform grade of lime increasing markets for special kinds 
or grades have. made it necessary for operators to select and quarry beds having the desired 
properties, for the quality of a lime depends principally on the quality of the parent lime— 
stone. ‘Each kind of lime -— high-calcium, high-magnesium, low-magnesium, plastic, or non- 
plastic - is used in different processes and products. The impurities and the percentage of 
each impurity in the lime also govern the use to which it is put. As a rule, chemical uses 
demand greater purity than do agriculture or building; even small percentages of certain 
impurities may be decidedly harmful in some chemical precesses. Some impurities in raw ma~ 
terial for building lime actually may improve its quality, while for agriculture impurities 
generally are not harmful. For one use a certain impurity may be objectionable, while for 
another the same impurity may cause no difficulty if present in reasonably small amounts. _ 

Another feature that must te considered is that the percentage of each impurity in a 
stone is virtually doubled in the lime. There ig little or no loss of the main impurities 
during calcination, although the weight of the limestone is reduced nearly half through loss 
of carbon dioxide. Ali impurities in each 100 pounds of limestone remain in the approxi- 
mately 56 pounds of lime resulting from calcination. Therefore, if 4 percent is the maximum 


39 Thoenen, J. R., Underground Limestone Mining: Bull. 262, Bureau of Mines, 1926, 100 pp. 
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permissible percentage of an impurity in a finished lime, the proportion of this impurity in 
the limestone should not exceed 2 percent. | 

The physical as well as the chemical properties of a stone also influence the character 
of the lime produced. Limestones of identical chemical composition under the same burning 
conditions may give limes that differ in character. Some limestones crumble more. readily 
than others during calcination. Certain beds chemically suitable may decrepitate or crumble 
so badly that it may be advisable to quarry anc calcine them separately or, if lump lime is 
to be made, to reject them as raw material. Moreover, some beds are more refractory than 
others and require either a higher temperature or a longer time for calcination. 

To obtain rock for special grades of lime, therefore, stone must be selected carefully 
in the quarry.. Each bed may be worked as an independent unit, which may involve quarrying 
a succession of Jow benches with tripod or hammer drills and selecting and loading stone by 
hand. Underground mining sometimes is the better method. Rock from mines is not so liable 
to be mixed with impurities as that from open pits; this is particularly true of fines. 

‘No general. methods of quarrying can be given, for they must be varied to suit the pe- 
culiarities of the rock formation. Quarrying stone for specified types of lime usually 
costs more per ton than quarrying for a single uniform grace of lime, but the higher prices 
received for the lime may repay the increased cost of producing the raw material. 

Transportation.— Stone usually is conveyed in three stages. It is removed from the 
quarry or mine, carried to the kiln or crusher, and elevated io the top of the kiln. The 
methods of conducting the work must ke varied to suit the peculiar conditions of each quarry. 
The stone usually is loaded in tramcars. If the distance from guarry.to kiln justifies, a 
locomotive 2. used for  BUSBES A cable draws the cars up a steep incline to the top of the 
kiln. 

METHODS CF MANUFACTURE 


Calcining Processes 


Limestone or other raw aaterial is converted into lime through the agency of heat. 
The process brings the stone into contact with a sufficiently high temperature long enough 
to dissociate the carbon dioxide and drive it off as gas. The quantity of heat required 
varies with the chemical and physical properties of the stone; small pieces of stone calcine 
more quickly than large ones; fine-grained stone conducts heat more readily than that which 
is coarsely crystalline and porous. Experimental work’? has shown that the temperature of 
dissociation of calcium carbonate is 898°C. (1,648°F.) at atmospheric pressure. The corre- 
sponding temperature for. magnesium. carbonate has not been determined as accurately, but 
756°C. (1,3935°F.), obtained by Mitchell, probably is correct. After the dissociation ten- 
perature kas keen. reached it must be maintained long enough to transfer the required amount 
of heat to the stone. A high temperature for a short time or a lower temperature for a 
longer time may be used, but the more nearly the heat approaches the minimum required the 
better the quality of the lime will te. To obtain a large output per kiln, movevers a ten- 
perature of 1,050° to more than 1,100°C. commonly is carried. 
It is well-known that the chemical reaction involved in burning lime is reversible; 

that is calcium carbonate may be decomposed into calcium oxide and carbon dioxice, or these 
substances may recombine to form calcium carbonate. The factor that determines the way the 
Bench TOn Shall go is the Peoeeute a re carbon dioxide. If the gas is allowed to accumulate 
40 Johuston, John, Thermal Dissociation of CaCO3: Jour. Am. Chem. Soc., vol. 32, 1910, p. 938; Mitchell, A. E., 
_. Studies. on -the Dulomite System, Part. Im-Nature of tne Dolomite: Jour. Chem. Soc. (London), vul. 123, 1923, pp. 
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its pressure may reverse the reaction, and the lime will recarbonate. Prompt removal of the 
gas therefore is essential to efficient calcination. oF 

Calcination, commonly known as “burning", is done in some form of. Kiln. Shaft kilns 
are used most generally, though the rotary type now is used extensively when hydrated lime 
is to be. nproceges 


Shaft Kilns 


Shaft kilns are built in various designs, but in general this type of kiln is a short, 
wide stack lined with refractory material. Stone is dumped into the upper part, called the 
hopper, where it is preheated slowly with the hot kiln gases. It gradually slides down inta 
the middle section of the kiln, the shaft, which is the burning or calcining zone. The lime 
manufactured in this hot zone sinks downward into the third section, the cooler, from which 
it is drawn at intervals. The size of a kiln usually is governed by the demand for the lime 
because quicklime can be stored for only a short time. Hydrated lime, however, may be stored 
for longer periods. If there is a steady demand for a definite supply of lime, an operator 
may be justified in building a kiln large enough to supply the desired quantity; otherwise, 
it is better to build a number of small kilns so that production may be adjusted more easily. 

Casing.= The casing, or outside of a kiln, may be of steel, stone, or a combination of 
steel with stone or some other material. It may be round, square, or elliptical. The casing 
performs three functions: It carries part of the weight of the kiln, protects the lining 
from changes in temperature, and minimizes the amount of heat lost by conduction and radia-— 
tion, 
Lining.— The lining usually is the same thickness throughout the kiln. If firebrick is 
used, about 8 inches (two courses) generally are considered enough; other materials may vary 
in thickness from 9 to 18 inches. The lining must be able to withstand reasonably well the 
chemical action of the lime as well as the temperature required for burning and the abrasion 
to which it is subjected. It is necessary to repair or replace the lining at intervals. 
Various. grades of firebrick generally are used; mica schist, sandstone, and granite some— 
times are employed. Often two grades of firebrick are used, for brick refractory enough to 
give good results in the burning zone may be too soft to withstand the abrasion to which it 
is subjected in the upper kiln. 

Top of kiln,=.The top of a kiln may be open, eidced with flat sar: plates or: ‘gathounted 
by a stack. -.A closed top, used in some systems of induced draft, should be kept virtually 
airtizht so that.the fan that removes the gas need not handle any unnecessary air. . A closed 
top has two’ openings, one for Charging the kiln with stone and one for removing the gas- 
The charging door usually is about 3 feet wide by 5 feet long, large enough to admit a car~ 
lead of.2 or 3 tons of stone at once. The stack, which is the ordinary rounds teed variety, 
aids combustion and assists in-preventing recarbonation of the lime. 7 

Hopper.-.The hopper serves a twofold purpose; it provides space for storing enough 
stone. to insure continuous operation,. and it conserves fuel by utilizing the heat of waste 
gases to preheat the stone. It is shaped like an inverted cone; the large base is at the 
top, and the sides. slope until the cross section becomes that of the eaeree The hopper 
usually: is large enough to hold a 48-hour supply of stone. 

Shaft. and fireboxes.— The firebox consists of a grate spanned by an arch of firebrick, 
closed in. front by..a door and opening into the kiln in the rear. Tro or more fireboxes are 
set into openings. throvgh the lining and casing in the lower part of the shaft, or, if gas 


41.Burchard, Eraest F.,-.and. Emloy, Warren E., The Source, Manufacture, and Use of Lime: U.S. Geol. Survey Mineral 
Resources of the United States, pt. II, 19135, p. 1569. 
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Or oil are used as fuel ports through which they are led into the kiln are used in place of 
fireboxes. The proper grate area depends on the quantity and quality of coal burned; it is 
customary to allow 1 square foot of grate surface for 12 to 15 pounds of bituminous coal an 
hour. 

. The draft caused by combustion of the fuel draws the flame up through the shaft in 
direct contact with the limestone, and the gases formed pass out the top of the hopper. The 
draft may be natural, forced by blowing air under the grates, or induced by a fan that draws 
the gas from the top of the kiln. By the Eldred process a fan takes the gas from the top of 
the kiln and forces it back under the grates. The carbon dioxide thus introduced is reduced 
to carbon monoxide (an endothermal reaction that tends to keep the grates cool); and as the 
carbon monoxide passes upward through the mass of stone it oxidizes (an exothermal reaction}, 
thus extending the flame and promoting uniform calcination. Introduction of steam beneath 
the grates has the same effect. *? 

The stone is heated gradually as it passes down through the shaft until the temperature 
of calcination is reached, which usually is about 8 feet above the grates. The cross section 
of the shaft may be rectangular, elliptical, or circular; its diameter is limited by the 
distance the heat can be made to penetrate toward the center. The size and shape of the 
shaft depend very largely on the method by which the kiln is to be operated. 

Cooler.— The top of the third compartment or cooler has the same cross section as the 
shaft, but its sides recede to form a steep cone, which terminates at the drawing door built 
3 or 4 feet above the floor. The lime falls through the door into large iron barrows or into 
dump cars on tracks beneath the kiln. When a lined cooler is used the lime is removed hot 
and must be dumped to cool, which necessitates rehandling. When the lime is drawn cold, it 
may be dumped into a car for shipment. The most efficient coolers are provided with ducts 
through which the air used in burning the fuel is drawn and thus preheated. 

All unburned stone must be kept above the level of the grates as heat from the fireboxes 

does not extend downward; enough lime, therefore, must be kept in the cooler to support the 
stone at the required height. Two methods of doing this are followed. When lime is drawn 
from the bottom of the kiln the remaining lime and stone slide down and fill up the space. 
Because the flame and hot gases tend to pass up the sides of the shaft rather than through 
the center, unburned stone extends down farther in the center than at the sides. It is ob- 
vious, therefore, that if the burned stone is allowed to fall to the burning level the un- 
burned portion in the center falls below that level. By the "following" method enough lime 
is drawn-so that. the lowest part of the unburned material will reach to about grate level. 
The difficulty with this method is that the lime remaining above the grates may be overburned. 
By the "sticking" process the kiln is allowed to chill before drawing. The chilling causes 
contraction of the lining and solidification of the fused compounds resulting from the ac- 
tion of lime on the lining. These two processes prevent the stone from following and cause 
it to "stick" or "hang." The lime is knocked down with bars, and an even layer of fresh 
stone falls to grate level. In general, stone will follow in a shaft with sides sloping out-— 
ward and will stick if the sides are straight, but any type of kiln may be operated by either 
process. 
After lime has been burned it should be kept moving through the kiln, as further heat— 
ing impairs its quality. The frequency with which it should be drawn depends on many con- 
ditions and can be determined only through experience. Lime is sorted to remove under—- 
burned stone and overburned lime; this is done either while the lime is being drawn or when 
it is taken from the cooling floor. 
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42 Berger, E. E., The Function of Steam in the Limekiln: Tech. Paper 415, Bureau of Mines, 1927, 43 pp. 
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Rotary Kilns 


The rotary kiln is a steel cylinder resting on two heavy steel rings or tires that en— 
circle it near each end and bear on steel rollers. It inclines 1/2 inch to 1 foot and re—- 
volves slowly on its axis. The driving mechanism, consisting of a series of gears, is placed 
at a point about a fourth the length of the kiln and is run by a variable-speed motor. The 
speed of the motor in turn is controlled automatically by the amount of stone fed into the 
kiln. 

A few years ago kilns ranged from 6 to 8 feet in diameter and 100 to 125 feet in length, 
but the more recent trend is toward larger. and longer kilns. Firebrick are used for the 
lining. The upper end of the kiln is located in a chamber, usually of brick, designed to 
collect and remove dust from the kiln. Beyond this chamber is located the stack, which pro— 
duces the necessary draft through the kiln and chamber. The cooler, similar in construction 
and operation to the kiln, though shorter and smaller, is placed beneath the kiln. Because 
of the excessive amount of dust that may be swept into the flame, many coolers are divided 
into four segments, 

For rotary kilns stone must be uniform in size, generally from 1/2 inch to 1 1/2 inches, 
which necessitates crushing and grading the rock after it is taken from the quarry. For 
efficient operation the stone also should be clean and dry. It is charged constantly from 
a bin into the kiln by an adjustable feeder. To produce lime of good quality the heat of a 
rotary kiln must be uniform. Coal, oil, or natural or producer gas may be used as fuel. The 
burned lime is discharged from the lower end of the kiln through an opening in the lower part 
of the hood into a chute that directs it to the cooler. At the lower end of the cooler it is 
cischarged to a conveyor that takes it to a hydrate mill or to storage bins. 


Sintering Machines 


In 1925 and 1926 the Bureau of Mines, cooperating with a machinery company, conducted a 
series of tests to determine the feasibility of using sintering machines for calcining small 
stone. A sintering machine consists of traveling pallets with perforated floors. Limestone 
in small sizes is carried on the pallets and is calcined chiefly by hot gases from an exter— 
nal source, which are drawn through the layers of stone as the pallets pass over a suction 
box. Details of the operation have been described by Myers.** The equipment is, or has 
been, employed by lime companies to a limited extent, principally for making dead—burned 
dolomite. . 


Hydration Processes 


. Hydrated lime is prepared by crushing lime as it comes from the kiln, slaking it, and 
classifying the fine powder thus produced by screens or air separators to remove any core or 
overburned lime that would not slake. For hydrating, lime is crushed to about 1 inch or 
smaller because in these sizes it may be slaked mechanically, its reaction with water is 
quicker, and it produces a better hydrate than does lump lime. 

Lime and water are mixed for slaking in a mechanical device called a hydrator. There 
are various designs of hydrators, but they are of two general types. The intermittent type 
censists of a circular iron pan, which revolves horizontally and is large enough to hold 
about 1 1/2 tons of hydrated lime, and a shaft with arms radiating from its lower end sus— 


43 Myers, W. M., Manufacture of Line from Small Stone with a Sintering Machine: Rept. of Investigations 2762, Bureau 
of Mines, 1926, 15 pp. 
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pended in the center of the pan; the arms carry plows that scrape the bottom of the pan as 
it revolves thus mixing the lime and water thoroughly. The pan is kept revolving until the 
evolution of steam ceases (indicating that hydration is complete) and the lime becomes light 
and dry. The machine is covered by a hood and stack. A continuous hydrator consists of long 
fron tubes, one above the other, in each of which is a screw conveyor. Lime is placed in 
the top tube, and water is added through a stack at one end of the tube. They are mixed by 
the screw conveyors and at the same time carried through the tubes. When the mixture reaches 
the end of the pipe it is completely hydrated. 

The process of hydrating must be manipulated so that the lime may be slaked properly. 
It is important that enough water be added to hydrate the lime completely, but an excess of 
water makes the lime wet and sticky and must be avoided. About 18 pounds of water must be 
added to 56 pounds of pure, high-calcium lime to make 74 pounds of hydrate. It is necessary, 
also, that the water and lime ke mixed thoroughly, otherwise the heat generated by slaking 
may be localized and become so intense that the lime will "burn." High-calcium limes slake 
much faster than those containing considerable quantities of magnesia and consequently liber- 
ate a great amount of heat in a short time, which must be dissipated or the lime will burn. 
This may be accomplished by regulating the water in such a manner that the excess heat will 
be absorbed by evaporation. In general, magnesium limes hydrate less quickly than high- 
calcium limes and do not burn so readily. It is important also that the proper design of 
hydrator be used, for no one type is suitable for all kinds of lime. 

The chief advantages of hydrated lime to the consumer are that it is handled easily, 
keeps better than lump lime, does not require slaking, and has been screened to eliminate 
unburned or overburned lime. On the other hand, hydrated lime contains a considerable pro-=- 
portion of water, on which the consumer must-pay freight. 


STORAGE AND SHIPNENT 


Quicklime cannot be stored for a long time, as it air-slakes readily and eventually be- 
comes useless for most purposes. It is marketed as lump lime, just as it comes from the 
kiln, or as pulverized lime ground to any desired fineness. It may be shipped in bulk in 
airproof and moistureproof bags, in wooden barrels of 180 or 280 pounds capacity, or in steel 
drums. It sometimes is shipped by truck rather than by rail; but, whatever the method of 
shipment, care must be taken that moisture does not reach the lime and slake it in transit. 

; Hydrated lime is taken from screens or air separators, in which all unhydrated, lumpy 
material is eliminated, to dustproof storage bins, in which it may be aged if desired. Hy- 
drated lime usually is shipped in 50-pound bags. Packing is cone by means of an automatic 
machine that receives the lime from the bins and delivers it to the bags. 


MARKETS AND PRICES 


The principal markets for lime have been indicated in the section on "Uses" and by the 
table of sales of lime by uses uncer "Production." Study of these statistics reveals that 
major sales have been to the Euilcing industries, for agriculture, to the steel and other 
metallurgical incustries for refractory and fluxing material, and to paper mills, glass works, 
tanneries, and water-treatment plants. - These industries normally consume about 8&6 percent 
of domestic sales. The remaining 14 percent includes lime sold for use in the manufacture 
of alcohol, alkalies, bleaches, calcium acetate, calcium carbide, coke gas and byproducts, 
glue, insecticices, oils and fats, paints, rubber, and sand-lime, slag, and silica brick; 
in -the disposal..of.sewage and garbazge;.in. the. textile incustries: and in wood distillation. 
There are many other tises for which sales data are not available. . | 
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Cost of production is an influential factor in marketing. A plant that operates at low 
cost has a wider field than cne that operates at high cost. The distance to which lime may 
be shipped depends also on the nature of the product. Lime peculiarly adapted for special 
uses may command a price that will justify shipment over long distances, and distant markets 
may be developed through an established reputation for reliability. Demands for lime con- 
form in a general way to current conditions within the more important consuming industries. 
For example, sales of building lime conform generally to the floor space of new buildings 
or to the value of building contracts awarded, and sales of metallurgical and refractory lime 
to volume of steel-—ingot production. Sales of lime are affected also by purely local condi- 
tions. Analyses of trends in sales, particularly of the causes for the fluctuations in quan= 
tities sold for the various uses, are valuable in forecasting future demands. Some of the 
findings of an analysis of market trends and prices of lime compared with those of other ma- 
terials appear in another Bureau circular. ‘4! 

The average price of lime began to decline in 1924 more or less in conformity with 
prices of other commodities. This trend was arrested in 1934, though the average was still 
considerably below values of pre-—depression years. Table 5 shows average values of lime sold 
for building, agricultural, and chemical purposes and the total average for a series of years. 


TABLE 5.— Average value _per ton of lime sold _ in the 
United States 1914-34, by use! 


Year_ |A gr ra ares Chenical | Total 


| 
1914..| $3.13 | $4.36 | $3.68 [$3.92 
1915..| 3.21 | 4.26 | 4.03 | 3.98 
1916. | 3.63 | 5.21 | 4.17 | 4.54 
1917..| 5.07 | 6.63 | 6.35 | 6.29 
1918..| 7.42 | 8.51 | 8.58 | 8.63 
1919..| 7.63 | 9.64 | 8.49 | 8.84 
1920..| 8.80 | 11.70 | 9.98 |10.52 
1921 . | 7.86 | 10.70 | 9.19 | 9.83 
1922..| 7.35 | 10.01 | 8.32 | 9.14 
1£23..| 7.59 | 10.57 | 9.18 | 9.81 
1924..| 7.51 | 10.61 | 8.90 | 9.72 
1925..| 7.12 | 10.10 | 8.64 | 9.30 
1926. | 7.25 | 10.01 | 8.33 | 9.11 
1927. | 6.63 | 9.76 | 7.94 | 8.75 
1928. | 6.85 | 8.91 | 7.70 | 8.18 
1929.. | 7.06 | 8.72 | 7.33 | 7.84 
1930..| 6.92 | 8.34 | 7.17 | 7.56 
1931..| 6.47 | 7.33 | 6.70 | 6.90 
1932.. | 5.59 | 6.45 | 6.33 | 6.28 
1933..| 5.36 | 7.18 | 6.11 | 6.28 
1934..| 6.66 | 8.33 | 6.87 | 7.16 


IFigures do not include cost of package. 


44 Hatmaker, Paul, Trade Trends in the Lime Industry: Rept. of Investigations 3227, Bureau of Mines, 1934, 18 pp. 
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FOREIGN TRADE 


Very little lime is exported. Shipments are mainly to Peru, the West Indies, Mexico, 
and Canada. Virtually all imports are from Canada to the States of Washington and Califor-— 
nia. Table 6 shows total imports and exports from 1923 to 1933. 


TABLE 6.—= Lime imported and exported from the United States, 1923--34 
(All quantities in short tons) 


Year| Imports |Exports!|Year |Imports |Exports 
1923| 25,407| 11,789|/1929| 21,501] 17,334 
1924| 20,480| 14,905||1930| 20,706| 14,536 
1925| 15,323| 14,800||1931| 13,458| 11,924 
1926| 18,702| 12,S60||1932| 8,777| 3,579 
1927| 19,567! 15,478|/|1933| 10,505] 3,710 


1928] 18,321] 18,188|/1934] 9,232| 3,752 
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ITRODUC TION 


The manufacture of lime is one of the oldest industries, 


Plants are 


dis~ 


tributed widely and furnish an essential raw material for numerous commodities, 
The use of lime by the building trades, in agriculture, and in hundreds of — 
manufacturing and chemical processes has created a demand for large production 
and has necessitated exhaustive research on methods of manufacture and uses, 
The bibliograpny of lime is extensive, but for the most Poet each ee 
has dealt with individual operations only. o 


The purpose of this paper is to present a general picture of the industry 


as a whole, 


The abundant literature has been abstracted and quoted freely, 


1/ The Bureau of Mines will welcome reprinting of this paper provided the 
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and the National Lime Association has rendered valuable assistance in fur- 
nishing data for certain sections, Publications containing more detailed 

information on the various branches of the industry are referred to in the 
footnotes and in the bibliography, 


DEFINITION 


Lime may be defined as calcium oxide resulting from heating calcium 
carbonate to a temperature at which the carbon dioxide is removed, <A 
hundred p.-ands of pure calcium carbonate will yield 56 pounds of lime (CaO). 
The most common form of calcium cardonate in nature is limestone, which ~is-. 
therefore the chief ray material used in the manufacture of lime, In many 
places limestone is associated with varying quantities of calcium—magmesium 
carbonate (the mineral dolomite), or a deposit may consist of virtually 
pure dolomite, Calcination of such rocks produces mixed oxides of calcium 
and magnesium, which also are regarded as lime, Limestone almost always 
contains impurities, such as silica and oxides of iron and aluminum, Com- 
mercial limes usually contain mot more than 5 ree total impurities, 


©: , . . 
. 


a an fapuri We 


Slaked or hydrated lime is calcium bydnostde that is formed through 
reaction between quicklime and water, The term "lime" more properly refers 
to. quicklime (Cad), but it is sometimes used in a more general sense to in- 
clude slaked or hydrated lime also, The term "line" should not be applied 
to lime stone or calcium carbonate, Because of: their tendency to combine 
with other substances, neither quicktime nor paovae lime occurs in nature, 


a -_ Air-slaked lime results when either aitcil ine or hrdrated lime is allowed 
to remain’ in contact wita air for a considerable time, Both moisture and 
carbon dioxide are absorbed during eh niin and a product that will not 
"set" may result. 


o Fi Z e 


Varieties. 
Limes are classified according to’ composition as follows: 


High~calcium lime, containing not digee than 90 percent 
calcium oxide and O to 5 percent magnesia, 

Low-magne sium lime, containing 5 to 25 percent magnesia, 

Dolomitic or high-magnesium lime, containing. 25 to 45 


percent magnesia, 


A content of 45 percent magnesia is the maximum that can be obtained 
by calcining a pure dolomite, To obtain more than that amount from carbonate 
rocks a magnesite (MgCOz) or. a mixture of dolonite and magnesite must be 
“calcined, and, except in California and Washington, such materials are un— 
common in the United States, 


Hydraulic lime is the variety that results from the calcination of 
limestone containing enough argillaceous matter to form a substance that 
will set under water, Its action is similar to that of natural cement, but 
it contains more calcium and less aluminum, | 
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Commercial Lime are eainesd of calcium oxide, anywhere from 0 to 45 
percent magnesium oxide, and generally less than 5 percent impurities, such 
as silica and oxides of iron and aluminum, When properly burned and fresh 
from the kiln lime should contain virtually no water and less than 0,5 per— 
cent carbon dioxide, If the impurities formed by the contact of lime with 
the lining of a kiln and materials introduced by the ash contont of fuel 
(in rotary and pot kilns) are disregarded, the chemical composition of any 
lime will -be the same as that of the stone from which it was burned, minus 
the carbon dioxide; but the proportion of impurities in the stone will be 
nearly doubled in the lime because of the loss of adout half the weight of 
the stone as carbon dioxide during burning, A chemical analysis of a lime- 


stone therefore is avery good criterion of the grade and commercial utility 
of the lime it will produce, 


Lump lime retains the same form as the stone after calcination, but 
the porosity is increased greatly, When water is added to lime a ehenieal 
reaction takes place, and calcium hydroxide (Ca(OH)5), also known as hydrated 
lime, is forued, This process is known as slaking or hydrating, Considerable 
heat is generated during the reaction, The reactions of dolonmitic lime and 
high-calcium lime differ somewhat in the slaking process, A high-calciun 
lime expands greatly when water is added, and much heat is generated, 
Dolomitic lime slakes much more slowly, peherntes less heat, and expands 
less, which results in a correspondingly smaller volume yield, Other things 
being equal, the less the quantity of magnesium oxide present in a lime the 
more quickly will it slake and the greater will be the amount of heat generated, 


The rate of hydration depends also on the porosity of the lime, Water 
penetrates the more porous limes rapidly, and chemical reaction takes place 
quickly, Indeed, in some cascs the porosity of a lime seems to be a greater 
factor than the phemtcal composition; for instance, avery porous dolomitic 
lime may slske more quickly than a dense Lime with. a much higher content of 
calcium oxide, Considerable care should be taken to avoid high temperatures 
during slaking, as an inferior product results, 


When lime is underburned the calcium carbonate left in it acts as inert 
matter for most uses, Overbdurned lime also contains relatively inactive 
matter consisting of a mixture of lime and imouritics, which forms a semivitri- 
fied mass, When overburned, lime is inclined to slake slowly because of the 
diminution of pore space, Te appearance of underburned lime varies with that 
of the stone and can be distinguished only by one who has had experience in 
burning the particular kind of stone, Overburned lime generally is yellow 
or: black and can be separated readily from good lime, 


When quicklime is exposed to air it absorbs carbon dioxide and water 
am Sair—slaves," Such reaction takes place in two more or less distinct. 
stages ~ ficet, the absorption of water and, second, disvlacement of the 
water by carton dioxide, ‘As these reactions are slow, j2me may air-slake 
to almost an; degree, end this has led to great confusion in the literature 
regarding the properties of air-slaked lime, For instance, at one stage of 
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the process, when the water has been absorbed and has not deen displaced 

to any extent, the product is similar in composition to "water=slaked" or 
hydrated lime, At the other extreme, recaroonation may be so nearly complete 
that the lime virtually has reverted. to limestone, Adsorption of water 
during the process of air-slaking involves a large increase in volume, and 
the lumps of lime therefore fall to pieces, Limestone may fall to pieces 

in the kiln under several circumstances, The stone may be so soft that it 
is broken by abrasion; its pores may be filled with water at the time of 
burning, which shatters the stone when heated; or its component crystals 

may -be bound together by organic matter that is consumed in tne kiln, Some- 
times over 50 percent of the ovtput of a kiln is finely divided lime, which 
is as good for ee purposes as lump lime and is easicr to handle, 


The chemical and physical properties of a limo, which determine its 
adaptability for various processes and products, have becn the subject of 
mucn scientific study, It has been found that the propertics may be ad~ 
justed to some extent in the processes of quarrying and manufacture, The 
limiting ratio of calcium to magesium depends largely on the market in the 
particular locality. When the lime is sold for chemical purposes this ratio 
generally will be specified, Specifications for the various uses are dis-=- 
cussed under the sections on "Uses"™ and "Tests and Standards," 


HISTORY OF THE INDUSTRY 


The art of burning lime and the use of lime can be traced back through 
the Roman, Greek, and Eeyptian civilizations to times of remote antiquity. 
The use of kilns for burning was mentioned by Cato in 184 B, C, Lime mortar 
was used in the Pyramids of Cheops and older monuments, and references have 
‘oeen found indicating tnat lime was used at this early time in the chemical 
as well as in the building industries, Recent investigations of a Roman water 
conduit, A.D, 70-100, runing from Eifel to Cologne show that the concrete 
was made with hydraulic lime, Rhine sand, and crushed high-calcium limestone, o/ 
Something of the manufacture and use of Lime may be traced from passages in 
the Old Testament, from the writings of Dioscorides and Pliny (circa A.D, 75) 
and of Vitruvius (circa 50 B, C.), and from references in literature to its 
employment in war and by alchemists during the Middle Ages, Joseph Black and 
Lavoisier (circa 1777) dispelled the old theory that calcination was attribut- 
able to the introduction of prlogiston, The first measurements of the dis— 
sociation pressure of calcium carbonate were made in tne latter part of the 
nineteenth century by Debray and Le Chatclicr, 


Although machinery and nethods of preparing limestone for burning were 
developed to keep pace with the growth of an industry that has reached large 
proportions, comparatively little improvement was made during the centuries 
in the process of burning lime or in tne type of kiln used until recent years, 
Within the past 40 years experimental work in the ladoratory and field has 
resulted in the adoption of,certain improvements, The outstanding feature 


Quarry Manager's Journal, Ancient Lime Mortar Concrete: Vol, 18, June | 
1935, Pe Sl, | 


8289 | | oe re 


Google 


1.C. aan 


in the development of the industry was the manufacture of avarated lime, 
which began about 1900, ard the rapid growth of its use, One of the more 
recent advances in lime manufacture was the introduction of pulverized quick- 


lime, This product has been received favorably and used widely, especially 
in the construction field, New types of kilns and hydrators now have been 
evolved, The rotary kiln, well-known in the cement industry, has been adopted 


extensively for burning Lime anc. produces what is commonly called pebble lime, 


A very valuable contribution to the lime industry was a study by the 
National Bureau of Standards beginning in 1912, In cooperation with the 
Lime~consuming industries, it conducted extensive research to determine what 
kinds of lime are most efficient and economical for each product or process 
of manufacture, The result of this work was the promulgation of many speci~ 
fications, That Bureau also made detailed stulies of typical lime plants 


and in 1913 published a paper on the manufacture of lime, 6/ which was re- 
vised in 1927, 


Statistical records of the lime industry since 1894 are available in 
annual reports published, first, by the Federal Geological Survey and later, 
by the Federal Bureau of Mines, A National Lime Association was organized 
in 1918 and incorporated in 1922 as a promotional and research organization, 
and its activities have had an important influence on the development of the 
industry, For many years before 1918 similar work was conducted by the | 
National Lime Manufacturers Association and the Hydrated Lime Bureau, spon- 
sored by progressive and far~thinking members of the industry, 


RAW MATERIALS 


The natural calcium and magnesium carbonates ~ limestone, marble, dolo- 
mite, and shell deposits ~ are the principal sources of commercial lime, 
Small quantities are made from similar carbonates produced as byproducts of 
chemical industries, Of these materials, limestone is the most abundant and 
is used most extensively for line manufacture, 


Limestone 


Origin, — Limestone is formed in beds through chemical or biochemical 
precipitation of calcium caroonate or by the accumulation of calcareous shells, 
Varying quantities of other substances, suchas magnesium carbonate, silica, 
clayey material, salts of iron, and organic matter, may be present as impuri-~ 
ties, Calcareous materials are consolidated gradually into rock by compactior, 
dehydration, and crystallization ani through long geologic ages of surface 
adjustment occupy land areas and become available for commercial use, 


Composition and varieties, — The chemical composition of limestone for 
making lime is important, as lime is used in many products and processes in 
which the chemical requirements are exacting, Physical properties have 
’ gome influence on methods of manufaeture and on costs, For instance, a 

National Bureau of Standards, Manufacture of Limes Technol, Paper 1 P 

1916, 130 pp. | 
1/ National Bureau of Standards, Manufacture of Lime: Circ, 337, 1927, 104 pp. 
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friable stone is unsuitedle for shaft kilns because it crumoles, retards 
the draft, and furnishes only a small proportion of lum line, High poro- 
sity may retard the rate of heat conductivity and thus lower fuel ratios, 


The essential chemical constituent of limestone is calcium carbonate 
(Caco; ), the mineral calcite, Many commercial occurrences designated — 
"hign=calcium" limestone carry 93 to 99 percent calciwm cardonate. When 
other substances occur in tne stone it is classed according to the nature 
of the impurities, If 10 percent magmesium carbonate is present it is 
called "nagnesium™ or "dolomitic" limestone, Magnesium limestones may 
embrace several varieties texturally and if physically suitaole may oe 
ourned to lime, which will be a mixture of calcium oxide (CaO) and magmesiun 
oxide (MgO). When the amount of magnesium carbonate present approaches 45 
percent the rock is known as "dolomite", which is the double carbonate of 
calcium and magnesium expressed by the formula CaC0z. MgC0 The uses of 
dolomite and high=-magnesium limestone are discussed in a ureau publication, 8/ 


"Argillaceous" limestone contains a considerable proportion of clay, 
consisting mainly of hydrous eluminum silicates, If the clay is present in 
certain proportions, mortar.made with the "hydraulic" lime ourned from the 
stone has the property of setting under water, "Siliceous" or "cherty" 
varieties contain consideracdle silica; if present to the extent of 4 or 
more percent, the linestone rarely is suitadle for making lime, "Ferruginous" 
limestone has consideraodle iron content, "Cardonaceous" or "bituminous" 
limestone contains carbonaceous matter that imparts a darkegray or DdDlack 
color to the rock, Moderate amounts of carbonaceous matter are not retained 
in the lime, as they are consumed during calcination, 


Other varieties of limestone are based upon texture or physical charac— 
ter, Common compact limestone is a fine-grained, cense, homogeneous agere-— 
gate ranging in color from light gray to almost black, ‘This variety, when 
of suitable chemical coz mposition, is burned into lime in many places, Oolitic 
limestone is composed of small, rounded grains of lime carbdonate with a 
concentrically laminated structure, Some limestone beds have been formed 
under conditions that have left many shells almost intact or at least in 
fragments sufficiently well-preserved to indicate their origin and character, 
These are known as "fossiliferous" limestones, Some of them are made up 
almost entirely of shcllsof one kind and are named accordingly, "Coral," 
"“crinoid," and "eoquina™ are common types, Unconsolidated oystershell beds 


are related closely to fossiliferous limestone and are quite extensive, 


When sufficiently pure, fossiliferous limestone generally is suitable for 
making lime, Cherty limestone contains nodules and bands of chert or flint 
and is not suitable for lime manufacture unless the chert can be separated 
and removed at very little expense, 


~ Impurities, ~ The common impurities in limestone are clay, which contains 
silica and alumina; sand or other forms of free silica; iron oxides iron 
_ carbonate; pyrite or marcasite (sulfides of iron); gypswa; alkali salts: and 
8/ Hatmaker, Paul, Utilization of Dolomite and Hizh=magnesium Limestone: 
Bureau of Mines Inf, Circ, 6524, 1931, 18 pp. 
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carbonaceous material, Clay is found most often along the bedding planes, 
but it is also disseminated through the rock, Silica occurs in hard lime- 
stone as nodules or masses of chert (flint) or combined with alumina as clay 
matter, In soft limestone, such as marl and chalk, it usually occurs as 
erains of sand, but certain beds of Cretaceous chalk, notably the deposits 
along the English channel and to a smaller extent the beds in Texas, carry 
an abundance of chert nodules, Iron compounds are disseminated with the 
original sediments, out ther were brought in by percolating watere and 
resulted from chemical action with other minerals, Sulfur is present in 
combination with iron as pyrite or marcasite and in gypsum (CaS0y.2H,0), 
that under ordinary conditions it is not free, However, these sulfides are 
easily oxidized, Small quantities of the alkalies, soda and potash, are 
present in some limestone, probably in the form of carbonates or in the clay 
impurities as silicates, Impurities are noted in greater proportions in 


weathered than in unweathered rock because they are less soluble than the 
Limestone, 


‘Impurities in the stone have various effects on the properties of the 
lime, Small amounts of silica tend to decrease the plasticity, sam-carrying 
capacity, and yield of a lime out have no apparent effect on its hardness or 
strength, The same may be said of iron, except that lime containing large 
emounts is much stronger and harder, Kaolin seems to act in a manrer similar 


to silica and iron, Gypsum shows detrimental effects, even when only 1 per- 
cent is present, | | 


Dolomite 


_ Dolomite is next in importance to limestone as raw material for lime, 
Magne sium limestone containing 20 percent or more magnesium carbonate is 
designated "dolomitic® or "“hignh—magmesium"® limestone, When the quantity of 
Magnesium carbonate present approaches 45 percent the rock is virtually a 
pure dolomite and is then regarded as a distinct mincral composed of calciun 
and magnesium carbonates combincd in proportions expressed by the formula 
CaMe(COz) >. Dolomite looks like limestone but does not liberate carbon 
dioxide“as readily when tested with acid, When fossiliferous dolomites occur 
there is reason to believe that they were originally limestone that was changed 
to dolomite by magnesium~bearing solutions, These dolomitic limestones are 
Likely to show variations in chemical composition from place to place, 


Other Raw Materials 


The crystalline or metanorpho sed form of limestone known as marble is 
@& common source of lime, As shown later in more detail, marble is used for 
lime manufacture in New Ingland, Maryland, Tenre ssee, Washington, and several 
other States, The waste of many quarries that produce building and monument— 


Vein deposits of calcite also are used to 
a Limited extent for lime, and marble may be dolomitic, 


Oystershells are one of the purest forms of calcium carbonate that 
occurs in commercial quantities, They therefore are well-suited for making 
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chenical Lime, for which plrity and uniformity of composition are necessary. 
Easily accessible shell reefs large enough. and of a character to warrant 
their use for lime are’ few, but their utilization for this purvose has in— 
creased in recent years, — 


Travertine or calc sinter, a massive, porous to compact limestone, is 
formed as deposits from solution at calcareous springs, It does not occur 
extensively in the United States, Several quarries for building stone have 
been developed, and the waste of one has been utilized for lime, 


Marl, a. fine-grained, loose, earthy material susieting essentially 
of calcium carbonate, occurs commonly, notably in the Southern Peninsula 
of Michigan, in northern Indiana, and in western New York; but, because of 
its high content of water and the difficulty experienced in burning, it is 
not used for making lime, However, it is used for direct application to the 
soil, oO < 


Distribution of Limestone in the United States 


Deposits of limestone occur in every: State and in 1940 were utilized 
in every State except Delaware, New Hampshire, and the District of Columbia, 
In some States they are very extensive and are quarried in hundreds of places 
for various uses, The location of every limestone quarry and limekiln in the 
' United States east of the Mississippi River is shown in a series of seven 
maps in the chapter on Stone of Mineral Resources of the United States for 
1911, part II, published by the Federal Geological Survey; the location of 
every such plant in the States between the Mississippi and the western 
boundary of Montana is shown in the corresponding chapter of the volume for 
19123 and the quarries and kilns in the remaining Western States and in the 
Pacific Coast States are shown in the volume for 1913, Although some lime 
plants have been abandoned and new ones built since these reports were pub— 
lished, the general locations are unchanged, and the reports are valuable 
sources of information on occurrences of limestone suitadle for lime manufac— 
ture, : . 


The distribution of lime plants in the States, with the kinds of lime 
produced in each plant, Dased woon' the most recent information furnished to 
this Bureau, is shown in the section on- "Production", Distribution of raw 
materials suitable for lime manufacture, with chief emphasis on deposits now 
or recently in use, is covered briefly in the following paragraphs, 


New England States, —- Most of the limestones in the New England States 
are so highly crystalliné as to be classed as marble, In Maine the lime 
‘industry is centered at Rockland, where vertical or steeply dipping beds of 
crystalline limestone are utilized extensively, An occurrence of noncrystal— 


“' Line limestone in Aroostook County has been utilized for lime, In Vermont 


noncrystalline limestone is found principally in the northwestern countie Ss, 
where moderate—size lime plants are operated, Waste marble from quarries 

in Rutland County is an important raw material, Commercial limestone occur-~ 
ring in the northern part of Rhode Island in the vicinity of Lime Rock is 
“used for the manufacture of low-magnesium lime, Large limé plants in “western 
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Connecticut and Massachusetts utilize crystalline limestones and dolomites, 


Small outcrops of limestone in New Hampshire have no commercial importance 
at present, 


New York, New Jersey, and Pennsylvania, - New York and Pennsylvania 
are especially rich in limestones, In New York they occur extensively in a 
group of counties between the Adirondacks and Lake Ontario, Dolomitic 
marbles of a high degree of purity occur in St, Lawrence County, Limestones 
also outcrop to the south in Herkimer, Saratoga, Washington, and Warren 
Counties and in a small erea in the Champlain Valley, Another formation, 
containing stone of 95 percent or more calcium carbonate, outcrops at various 
points in the eastern Adirondacks from Saratoga County northward to the 
Canadian boundary, Along the lower Hudson.a formation outcrops near 
Poughkeepsie, Limestone beds extend from Ctsego County northwestward to 
Oneida Lake and westward to the Niagara district, A delt of great economic 
importance extends from Buffalo in Erie County eastward to Oneida County and 
southeastward to Albany County, where it curves south toward the Delaware 
River, Stone suitable for lime manufacture is found in the Finger Lakes 
district, Much of the limestone of New York, especially of the western half 
of the State, is high in calcium carbonate, Lime is burned in many sections, 


.-In Pennsylvania the high-grade limestones of greatest commercial import-— 
ance are confined to the central and southeastern counties and to an area 
north of Pittsburgh near the western border, Extensive deposits of both 
high=calcium and high-magnesium stones occur, the magnesium rock being 
expecially abundant in the valleys of the wouthoeaterh section and the 
high-calcium variety in the central part, Pennsylvania has more lime plants 
than any other State, Lime is manufactured most extensively in the central 
and southeastern sections, though stone is used locally for this purpose in 
the southwestern counties as well, Commercial high-calcium and magnesium 
limestone is found in the northwestern border counties of New Jersey, and 
-dolomitic limestone occurs in Somerset County. 


Maryland, Delaware, Virginia, West Virginia, North Carolina, and South 
Carolina, =- The limestones of this area fall physically into three groups? 
(1) The nonmetamorphosed limestones of the Appalachian valleys; (2) the meta 
morphosed or crystalline limestones of the Piedmont region, both of which are 
hard limestone; and (3) the soft limestones of the Coastal Plain, 


The great limestone deposits of the Shenandoah Valley of Virginia and 
of similar valleys lying northwest of the Blue Ridge Mountains are the most 
noteworthy in this area, The stone of the two western tiers of counties 
_ throughout the entire length of Virginia has great commercial value, It is 
easily accessible and is used extensively for lime, Limestone of variable 
composition occurs also in the Alleghany Mountains of Virginia, Occurrences 
in the Piedmont district of the State, especially in Loudoun County, have been 
utilized for lime, The soft limestones of the Coastal Plain of Virginia 
consist largely of shell marl and have little value, 


Deposits of hard limestone are found west of the Alleghanies in eastern © 
West Virginia, but few approach in purity those of the northeastern Panhandle, 
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_where the large lime plants of the State are locatcd, Beds of ooth high- 
calcium and magnesium limestone extend from the Valley of Virginia into the 
central and northern counties of Maryland, Crystalline limestones in an 
area north of Baltimore are utilized for lime, 


Small areas of crystalline limestone, mostly dolomitic but with variable 
magne sium content, occurring in the extreme northern part of Delaware have 
no commercial importance as sources of lime, Both high-calcium and magnesium 
limestones occur in many counties of the western section of North Carolina, 
mostly in valleys, but they are so covered with soil that careful surveying 
‘and prospecting are required to determine tneir extent and quality. Few of 
them have been utilized for lime, Small deposits of crystalline limestone 
occur’ in western South Carolina, and soft limestones and marls are found on 
the Coastal Plain, They have not deen used in recent years for lime manufac- 
ture, 


Tennessee, Mississippi, Alabama, Georgia, and Florida, ~ Limestone abounds 


in Tennessee, particularly in the eastern and central parts, The Holston 
marble of Knox County is the principal source of lime, The limestone of 
thniddle Tennessee, which is pure to argillaceous and low in magnesium, is 
used extensively for lime manufacture in the counties of tne central basin, 
The most prominent formation in the northern and western counties of middle 
Tennessee contains high=grade limestone in places, which also is utilized 
for lime, Small beds of limestone and larger deposits of chalk occur in = § © 
Mississippi, but tacy are not used to produce lime, 


Limestone sufficiently pure for lime occurs in the river valleys of 
northern and central Alabama, and stone of a high degree of purity outcrops 
along: the sides and bases of plateaus in the same gencral region, An 
unusually pure high-calcium marble occurs in Talladcea County, Formations 
suitable for lime occur also -in the north-central counties of the State, 

The Selma chalk extending across central. Alabama and the Vicksburg limestone 
farther southare not used for lime, Lime is produced principally in Blount, 

_ Shelby, and other counties of the Birmingham area and in the northern counties, 


In Georgia sources of raw material for lime are confined to the marble 
belt of Pickens and adjacent counties and the abundant limestones of the 
Appalachian Valley district to the west, Recent production has been confined 
to Bartow County. | 


Limestone is distributed widely in Florida, High-calciwm stone, some 
of which is soft and chalklike, occurs in Jackson Cowmty and over a wide area 
of central Florida, A compact, white rock, quite hard in places, is found 
in northwestern Florida, Tampa limestone, a fairly hard, compact, light~gray 
to yellow rock, occurs in parts of the west-central cowmtics, Coral and 
oolitic limestones form the foundation of the keys from Miami to Key West 
and border the cast side of the Everglades, Coquina and related shell 
varieties occupy a large part of southern Florida, as well as sections of 
several northern counties, partiéularly along the coast, Most Florida 
limestones are too soft for the manufacture of lime dy ordinary methods, and 
at present the industry is confined to Marion and Dade Counties, 
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Wiaeon sin eh Michigan, ~ Limestones occupy. the dopiiaier eel and ° 
northern sections of Wisconsin, appear in a broad belt along the eastern 
border of the State, extend across the southern part, and are available in 
certain areas along the western side, Nearly all of them are dolomites 
well adapted for making hizh-magnesium and special limes, The lime industry, 
however, is confined chiefly to the east-central counties, 


In Michigan limestones border the northern part of the Southern Peninsula 
along Lakes Michigen and Huron and cross the southeastern part, The largest 
area is'near Rogers City, Presque Isle County, Another important formation 
outcrops on the east side of Saginaw Bay, on Charity Island in Saginaw Bay, 
_and in Arenac, Eaton, and Jackson Counties, Limestone also occurs along the 
southern; border of the Northern Peninsala, The lime centers are in the 
northern.part of the Southern Peninsula and in Menominee and Wayne Counties, 
Rock, is shipped to Menominee from Rogers City. Large quantities of Michigan 
limestone are shipped also to lime-manufacturing plants in other States, 


. Illinois, Indiana, Ohio, and Kentucky, -— Commercial: limestones of both 
the high=-calcium and magnesium varieties occur in about a third of the area 
of Illinois, including the northern end and a belt along the western and 
southern borders, and scattered deposits of minor economic importance are 
founi in the remaining two-thirds of the State, Lime production is centered 


chiefly near Quincy and Cordova in the western section, near Chicago, and in 
St. Clair County near St. Louis, 


Limestones occur widely in Indiana, the most important beds forming a 
belt about 20 miles wide extending northwestward through the central part of 
the State. In this delt is the famous oolitic limestone quarried in Lawrence 
and Monroe Counties for ouilding, Waste from the quarries is used for lime, © 
Owen, Crawford, Harrison, and Washington Counties also contain high-ealcium 
oolitic limestone, which is burned into.lime at several places, Farther 
north, magnesium limestone occurs in several counties and is now used for 
lime is Huntington County, Lime is produced also in Cass County in the north, 


. Limestone underlies a large part of Ohio and is used extensively for the 
manufacture of lime, Exceptionally pure dolomite prevails in the Toledo 
district, including Wood, Sandusky, Ottawa, and several other Counties, and 
most of the lime plants are in this area, In a second area farther south, 
extending as far as Columbus, both high-calcium and lowmagnesium Lime stones 
abound and are used for lime in many places, High-calcium limestone in eastern 
Ohio and dolomite in Adams Cowmty, southern Qhio, also are used for lime, 


Kentucky is underlain with the same formations of limestones as occur 
in Illinois, ,Indiana, and Ohio, and they appear in many eastern, southeastern, 
central, north-central, and western counties, A notaodle outcrop of a high- 
calcium oolitic wariety is in Warren County, The manufacture of lime has 
been confined atee ered usinedy to “Rockcastle and franklin Counties, 


Brake acer 0: the Mississi of River, .~ In Minnesota commercial lime— 
stome occurs only'in the southeastern part," The beds generally are highly 
magnesian, and many are nearly pure sioloni tes <= They are used for lime in - 
several counties, The only limestone formation a2 North Dakota is a soft, 
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chalklike rock intermixed with clay, which is unsuitadle for the manufacture 
of lime, Hard limestones occur in the Black Hills district of South Dakota, 
and recent production of lime in the State has been confined to this district, 
Except for small local quarries in the southeastern counties, the chalky 
limestone occurring in the eastern part of the State has no commercial use at 
present, 


Limestone is plentiful in Iowa, Formations in the eastern counties are 
generally high in magnesium, those in the east-central area are magnesian in 
‘the northern part and high=calciym in the southern pert, and those of the 
central and southern parts have some fairly high calcium stone. Chalk beds 
occur in the western part of the State, Lime production is relatively unin- 
‘portant and has been confined, almost exclusively to Jackson and Marion Counties, 
The limestones of greatest economic: value in Nebraska outcrop chiefly in the 
southeastern counties, wnere lime has been produced, Another formation is 
exposed along the Missouri River, in northeastern ieee and -in. ‘the. . Republican 
Valley in the southern part. >! 


“In ‘Migsouri dolomite or magnesium limestone is found in the southeastern 
part, except the corner counties, Limestones low in magnesium and mostly of 
high purity outcrop near the Mi ssissippi River north of Cape Girardeau and 
extend to the northern part of Jefferson County; they are exposed again near 
' the Mississippi in Lincoln, Pic, Ralls, and Marion Counties, High-calcium 
lime stone also covers extensive areas along the Mississippi and Missouri Rivers 
and in southwestern counties, In all these areas it is used widely for the 
manufacture of lime, Limestone also occurs in the northern and western parts 
of tho State, 


Commercial limestones occur in the castern third of Kansas, but only those 
of Bourbon County have bcen used for lime, Rocks in tne central area contain 
limestones, but little economic use has becn found for them, The principal 
limestone area of Arkansas lies in the Ozark Plateau region in the northern 
part of the State, High-celcium rocks ‘suitable for the manufacture of lime 
are found in several formations, 


The commercial limestones of faicicaa are limited to two occurrences — one 
in Winn and the other in Evangeline.Parish - and both hove been utilized for 
lime, On the Gulf coast oystershells are used. for making chemical lime, The 
largest limestone area in Ollahoma is in the Arbuckle Mountain Districts: smaller 
areas occur in the foothills of the Wichita Mountains, in the northern and 
southeastern sections, and in the Ozark uplift, Lime has been burned in several 
counties, ae i gs 


Limestones are distributed widely in Texas, particularly in the eastern 
half of the State, A belt runs from Red River in the northeastern part west- 
ward across the central part of the State and extends south and southwest, ter- 
Minating a little southwest of San Antonio, Analyses of the stone show a content 
of 70 to more than 90 percent calcium carbonate and very little magnesium, West 
and parallel to this formation is another group of limestones, and still larger 
areas are exposed in the Edwerds Plateau west of San Antonio, Several lime 
plants are operated in the east-central district, chicfly in Comal, Travis, and 
Williamson Countics, Other occurrences are in western Texas near El Paso; 
where a group of lime plants is locatcd, A plant near Houston and one in Corpus 


Christi utilize oystersnells for lime, 
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In Montana limestone occurs chiefly in massive bods clong the flanks of 
the mountain ranges in the western pert of the Stato, It is used for lime in 
several counties in this district; some of the high-calcium variety, contain- 
ing very little impurity, is burned into lime for refining sugar, Smaller 


deposits throughout the eastern two-thirds of the State have been used locally 
for lime burning, 


Limestones are found in meny parts of Wyoming but have not been developed 
extensively, The best~knovm deposits are in Albany, Laramie, and-Platte Counties 
in the southeast and in Weston County in the northeast, Most of them are of 
the high-calcium type and supply stone for sugar factories, 


. The Colorado limestone deposits may be divided into two groups — an eastern 
division forming a belt immediately east of the Front Range and a second div- 
ision lying west of the range, Limestone of the first division outcrops con~ 
tinuously from north. of Fort Collins to the middle of Douglas County, passing 
a little: west of Denver, The best rock contains more than 90 percent total 
carbonates, but most of the formation is mixed with shale, Stone for lime 
manufacture is obtained chicfly in El Paso, Pueblo, and Chaffee Countics in 
central Colorado, Some of the limestones west of the range are pure enough 
for the highest—grade uses, out their location has discouraged commercial de- 
velopment, Other deposits outside these areas that have been exploited for 
the manufacture of lime are in Larimer County in the north-central part of the 
State and in La Plata County in the southwestern part of the State, Waste 
travertine from the building-stone quarries at Salida, Chaffce County, also 
is utilized for lime, Very little is known of the chemical and physical 
properties of the limestone outcrops in New Mexico, Lime has been produced 
in San Juan and Sen Miguel Counties, — 


Western and Pacific Coast States, - Limestone deposits are to be found 
in many parts of Idaho, tnose of chief value occurring in the southeastern and 
northwestern counties, Lime is produced in both sections, Pure limestone from 
Butte and Tetor. Counties is or has been snipped to sugar factories in Idaho and 
Utah, The most important linestones of Utah occur in many parts of the Wasatch 
Mountains in the northern and north-central counties, <A good many of these 
are pure enough for tne manufacture of lime, and a number of lime plants are 
located in this district, Lime is produced also in tae westcrn and southwestern 
parts of the State, The Arizona limestones have been developed only in a 
small way, probably because of restricted markets rather than lack of raw 
materials, Lime is produced chiefly in Yavanai, Graham, and Cochise Counties, 
Production has also teen from Pima and Gila Counties, 


The principal lime plants of Washington are on Orcos and San Juan Islands, 
San Juan County, where an abundance of crystalline limestone is used for the 
manufacture of a very pure lime, Water transportation assists marketing, | 
Lime is made from mardle in Stevens County, Suitable limestones are available, 
and lime has been burned also in Chelan, Ferry, Okanogan, and Whatcom Counties, 
- Deposits of limestone occur akso in the northeastern countics of Washington, 
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In Oregon, limestone pure cnough for lime manufacture occurs principally 
in the southwestern end northeastern counties, and deposits in these sections 
have been utilized, Sone ef the stone in the southwestern area contains only 
5 percent or less impuritics,.  Limestones occtr also in the northwestern cornor 
of the State but gencrally aro too impure for making lime, Both high-calcium 
and magnesium limestones are availadle: in various places in the eastern third 
of Nevada, The chicf developments for lime manufacture have oecurred in Clark 
County, 


Few extensive-limestone deposits comparable with those in many of the 
Bastern States occur in California, Most of them aro irregular bodies of 
variable magnesium content, Lime is manufactured chiefly in the central part 
of the State, The extreme northern parts and the desert regions in the south 
have larger deposits of limestone than the more populous parts of the State, but 
because of the distance from markets and inadequate transportation facilities 
they have little commercial value, Lime has been produced, however, in 
Siskiyou and Shasta Countics in the northern section and in San Bernardino County 
in the south, Oystershells are used as raw material in-Alameda County, Present 
production is chiefly fron abened es Eldorado, San Bernardino, and Tuolumne 
Coumties, 


' USES 


Lime is an essential raw material for numerous industries, It enters 
three large fields of utilization — the ouilding industries, agriculture, and 
the chemical and manufacturing industries, For many years the building trades 
consumed the largest quantity, but a more or less steady trend toward wider use 
by the chemical and manufacturing industries has occurred, In 1906, the first 
year in which sales by uses were reported, 86 percent oy value was consumed 
in building and only & percent in chemical and manufacturing processes; in 1940 
only 31 percent by value was used in building and 60 percent in chemical and 
manufacturing processes, The quantity sold for agricultural purposes has shown 
only slight change; in 1906 about 6 percent and in 1939 about 8 percent was so 
used, 


Of the total quantity-of lime sold or used in 1940 (exclusive of dead—burned 
dolomite), 34 percent (by weight) was hydrated lime, 


Building 


For lime used for building purposes physical properties, such gs. plasticity, 
sand»ecarrying capacity, strength when mixed with sand, time of set, and color 
have primary importance, Eithor high-calcium or magnesium limo in the form of 
quicklime or hydrated limo is usea in structurel work, though for some uses 
one type may be preferred to the other, If quicklime is used it must be made © 
into lime putty by proper slaking} it a also desiraole to soak hydrated lime 
before use, 


According to accepted specifications, quicklime for mortar, Plaster, and 
masonry cement must have the en) aad chenical requirements, in percent, cal~ 
culated to the nonvolatile basis: 

9/ American Society for Testing Materials, Standard Specifications for Quick~ 

lime for Structural Purposes: C5-26, . 
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a 


Calcium oxide, minimum ec escccccccees 
Magnesium oxide, Minimum .....2 


@e@eeees: eee 20 

Caicium and magne sium oxides, Sree 95 
Silica, alumina, and oxide of iron, 

maxinun @@eeseeesveeevosvseseseeseeeeveeeevee@eeeee8e 5 


If sample is taken at the kiln 3 percent is the naxinun permissible COs 
content; if taken at any other place, 10 percent-is allowable, | 


The specifications for hydrated lime for structural purposes cover two 
kinds — masons! hydrated line and finishing lime, Masons! hydrated lime may © 
be used for scratch or bro.m coat of plaster, stucco, and mortar, and. it: may 
be added to portland-cement concrete, According to the specifications for 
this type of lime, calcium and magnesium oxides shall constitute not less than 
95 percent of the nonvolatile portion, and carbon dioxide shall not exceed 
5 percent if the sample is taken at place of manufacture or 7 percent if it 
is taken at any other place, The percentages in both cases are based on the 
nonvolatile portion, The sample snall leave aresidue of not more than 0,5 
percent on a 30-mesh sieve and not more than 15 percent on a 200=mesh sieve, 
Finishing hydrated lime is uscd, in addition to the purposes for which masons! 
lime is employed, as an ingredient in the final or white coat of plaster, 


and it must have a ao figure of not less than 200 as tested with an 
Enley plasticimeter, 10 is 


Mortar, ~- Mortar is made by mixing lime putty with sand and water, Lime 
putty for this use is made by slaking quicklime properly or by soaking 
hydrated lime for an adequate period of time; the lime may be either high 
calcium or dolomitic, The quality of a mortar depends on the method by 
which it is prepared as well as on the characteristics of the lime used, 

The type of lime used usually depends upon economic factors and local custom, 


The quantity of mortar a lime will produce varics widely with the 
properties of the lime, <A properly burned high-calcium lime will yield 
the greatest volume provided the mortar is prepared properly, The presence 
of impurities or of magncsium will decrease: the yield of paste, Probably 
the most important difference in the mortar-making properties of various 
types of lime depends more on whether the lime putty was prepared from a 
properly slaked quicklime or from hydrated lime than on whether a coal 
calcium or a dolomitic lime was used, 


As to the actual steenetnor lime mortars, tests conducted by the 
National Bureau of Standards indicate that mortar made of dolomitic lime 


10] American Society for Testing Materials, Standard Specifications for 
Hydrated Lime for Structural Purposes: C6-31, 
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is stronger than that made of high-calciun Lime, LL/ The strength of a mortar, 
however, may be controlisd ov the method of mixing and by the use of dif— 
ferent kinds of sand, reper mase mortars, however, are so strong that for 


ee ee ee ae 


strength mortar, Saat ert cement may be added to lime mortar, ‘The quantity 
of cement to be added is determined largely by the physical properties of 


the building units and . the ecnditions of service, 


Masonry ‘cement, ~ Lime has properties that make it eminently desirable 
in cement mortars for masonry, It has been found that nydrated lime mixed 
with cement increases the plasticity of a mortar and makes it denser, 
thereby increasing its imperviousness to water, A cement mortar in which 


- . Lime is used also adheres better to the brick, Experiments have shown that 


cemeht can. be replaced by hydrated lime without material diminution of - 12/ 
strength if the ratio of hydrate to cement is less than 1 to 3 by weight. 

Cement. mortar, however, is much stronger than is necessary for ordinary 

-- buildings, and this feature ordinarily is not a factor to be considered, 

. Either high-calcium or nagnesium lime may be used in masonry oneness 


Plaster, ~ ithe plaster is eC by mixing lime putty and sand, with or 
without hair, A coarse sand, often mixed with gravel, is used for. exterior 
work, as for stucco, while fine sand is preferred for plaster for interior 
‘walls and ceiling, A highly plastic grade of lime is required for the 
finishing coat, It must: be very nearly white, must work smoothly and must 
not "pop" or "pit" or shrink too much in setting, The cause of popping and 
pitting is attributed to impuritics in the limo or in tne sand used, improper 
burning, or incomplete sleking. Many pupneore prefer hydrated lime for the 
finishing coat of plaster, 


Concrete, — The sateiod of waratea lime to concrete increases its 
plasticity, smooth—vorking quality, and resistance to water absorption, It 
is added to the batch as it goes into the mixer, 


Natural cement, ~ The addition of lime to natural cement increases the 
strength and plasticity of the mortar made from it, A hydrated high-calcium 
lime is used; magnesia is odjectionable because it is likely to hydrate 
after the cement has sect, whicn weakens it, The lime may be added cither 
during the grinding of the cement or when the mortar is mixed, 


Artificial stone, ~ Lime is used as a binder in the manufacture of 
artificial stone made of various sizes and types of ageregates, It produces 
a whiter and more pleasing product than that in whicn ordinary portland 
cement is used, Various colors may de secured by adding appropriate 
quantities of mineral oxides, 


Agriculture 


Fertilizer, - Lime is applied to land extensively, primarily as a soil 
corrective and conditioner : -and secondarily to see the plant—food elements 
ey, and Young, 5S. Stren Line Mortar; Proc, Am 

Soc, Test, “Mate, vol, “ay, vt, "2, 191, oo 339~258, 
12/ Emley, W. E., Tne Use of dydrated Lime in a Portland Cement Mortar: 
Proc, Nat, Lime Assoc,, vol, 12, 1914, pp, 258270, 
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calcium and magne sium, Soil is a complex material, possessing a number of 
chomical, biological, and phy sical properties, and lime applied to it may 
affect the se properties by any or all of the following actions: (1) 
Neutralizing soil acidity, (2) replenishing the supply of calcium and magne- 
sium, (3) promoting the activity of bencficial bactcria and depressing 
injurious soil organisms, (4) improving the texture and permeability of 
heavy soils by flocculating the colloids and clay particles, (5) hastening 
the decay of organic matter and the formation of nitrates, (6) rendering iron 
and aluminum insoluble, thereby preventing the phosphorus in the soil from 
combining with them in unavailable form, and also preventing toxicity, (7) 
combining with nitrogen and phosphorus in easily available form, (8) acting 
as a germicide in certain soil~borne plant—discase organisms, and (9) leaving 
the soil in a well~balanced, productive eonety tons 


Lime acts differently on venous soils, The effects of the different 
types of limes.on soils and plants and their use as quicklime, hydrated, or 
air~slaked lime, methods of application, and other factors for obtaining the 
best results have been subjects of careful investigation by agriculturists 
and chemists for many years, Their conclusions may be found in several pub— 
lications listed in the bibliography, | | 


Insecticides, fungicides, and disinfectants, - Lime, dry or as whitewash, 
. may be used as a mild disinfectant, It also enters a number of insecticides, 


fingicides, and disinfectants used: for spraying farm crops, gardens, orchards, 
and buildings, : 


Calcium arsenate, one of the more important insecticides, is used for 
controlling the cotton boll weevil, tobacco worm, potato beetle, and codling 
moth, A cold solution of arsenic acid is added to a diluted milk of lime, 
and calcium arsenate is formed as'a white precipitatc; this is filtcred and 
dried, and the lumps are disintegrated to a finc: powler, In this process a 
slow-setting, frec~slaking quicklime with an available lime content of not 
less than 85 percent is used, Oxides of iron and alumina should be low, and 
the lime should be as free as possible from carbonates and other inert substance 
Hydrated lime often is added to dry calcium eg a at the time of use, and 
this also should have a low-magresium content, 


Commercial lead arsenate, containing small quantities of calcium arsenate 
and hydrated lime, is used for the same purposes as calcium arsenate, Lime 
sulfur, one of the best fungicides and insecticides for fruit trees, is pre- 
pared by heating sulfur with milk of lime, Bordeaux mixture is a basic 
sulfate of copper made by the reaction of copper sulfate with lime, Lime 
used in iy °° mixtures is tho high-calcium type with a low iron and alumina 
content, L4/ | 


Industrial and Chemical Peaeesees 


Lime is one of the most widely used chemical reagonts in the industrial 
world, It is utilized in many manufacturing processcs and enters directly 


13/ National Lime Association, Lime — Its Use and Value in the Industrial 


and Chemical Processes’ "1930, rf sa 
ll Work cited in footnote 135 FP 
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into the manufacture of hundreds of articles, The processes involved in the 
manufacture of products ‘in which lime is used include neutralization, coagula- 
tion, distillation, precipitation, solution, hydrolysis, dehydration, high— 
temperature processes, high-pressure processes, gas absorption, saponifica- 
tion, and causticization, 


Obviously the kind cf Time employed depends on the purpose for which it 
is to be used, ' Under some conditions either high-calcium or magnesium lime can 
be used with equal success? ‘under others, magnesium is objectionable. Quick~ 
Lime is preferred for some processes, hydrated lime or ground limestone for 
other's, Some of the industrics and processes in which large tonnages of lime 
are consumed are discussed in this paper, and general specifications of lime 
best adapted for each are given, Line, however, is euoleyee in so many 
processes that all of them cannot be included, 


; : Metallurgy, ~ Large quantities of lime are used in the metallurgical 
industries, ‘The process of refining pig iron to make steel has as its object 
‘the elimination from the iron of certain materials that are undesirable or 
present in excessive quantitiés, Lime finds its principel use as a fluxing 
agent in the basic opcn—hearth process, It forms a basic slag for the re— 
moval of phosphorus and other impurities, The amount of lime used depend s 
upon the quantity and nature of the impurities to be removed, In some localitiz 
1ime stone is used instead of lime, High-calcium lime low in alumina, silica, 2: 
sulfur is preferred, Maz esis is undesirable, as it is not effective in macnes: 
eliminating ie Ly ' 7 | 


_ The requirements for lime (more frequently limestone) in the Siwet furnace 
are not nearly so exacting and are controlled chiefly vy costs, As the stone 
“used - decreases in purity,’ the amount of: stone and, consecuently, the amount of 
fuel increases, but the lower cost of impure Lime stone ey more than offset 
the added cost of fuel and the larger quantities of stone pedaetess 


Lime is used in connection with the concentration of ore. niwewate i 
flotation processes, where it may serve ‘several purposes, Flotation is now 
generally carricd on in slightly alkaline pulps where lime has advantages over 
soda ash or caustic soda under certain conditions, Lime is used rather exten- 
sively in the cyanide process, 


| Lime is used also in a number of processes in the manufacture of iron 
and steel products, The molds in which pig ircn is cast are limed’ to prevent 
the iron from sticking, either by spraying them with a wash or by passing the 
molds through milk of lime, The requirements of lime for this purpose are not 
very rigid, but 1t should form a slow-settling suspension and not contain too 
high a percentage of waste, . ge 


Lime is employed to neutralize the "pickling" liquor used to remove rust 
and scale from iron and stecl before it can be discharged into streams, Pk it 
is employed in the form of milk of lime, it should not settle criat ll) 
should not contain a high pertontage ° of core or overourncd matcrial, 


1) Work cited.in footnote 13,.p, 


+O 


Work cited in footnote 13. Pe 10> 
1{7/ Work cited in footnote 13, Pe i: oe 
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In the process of wire drawing, lime is used for scveral purposes, The 
rods of iron or coils of wire are dipped in milk of lime to ncutralize the 
acid remaining after pickling, The lime coating thus obtaincd serves as a 
.. lubricant in the drawing process and protects the finished wire from oxida~ 
_tion,. Lime for this process must be gps free from grit and ash and 
must form a slowesettling suspension, 


Refractory brick, — Large tonnages of lime also are sold for the manufac— 
ture of silica brick, which is used chiefly for lining furnaces, Milk of lime 
is added to silica in quantitics ranging from 1,5 to 4 percent CaO, ‘The 
mixture is molded in forms, dricd, and ourned under carefully controlled 
conditions, The lime serves as a bonding agent and also acts as an accelerator 
in the conversion reaction, Hither quicklime or hydrated lime may be used for 
the milk of lime, It must be substantially free from ash, dirt, and core and 
must conform to the following yp as to chemical composition, cal- 
culated on a nonvolatile basis, | 


Percent 


Calcium oxide (CaO), minimum ........-cccccesg 92,0 

Magnesium oxide (MgO), maximum ........ S eiaieade 3,0 

Combined iron and aluminum oxides (Fe,0, e and . 

- Al 203), MAXIMUM: scm wise wo siatiaeas os cess oe 1.5 

Silica (S105) and insoluble matter, maximum..J 3,0 

Carbon dioxide (CO), maximum: | | 
If sample is taken at place of manufacture 5,0 
If sample is taken at any other place..... ° 


. Deadburned dolomite, used extensively as furnace refractory, is not a 
true lime but onesie is classed as refractory lime, | 


Paper, ~ The manufacture of paper is another large lime~consuming indus- 
try. Lime serves in scveral chemical processes of preparing the raw materlals, 
In what is known as the sulfite process it is combined with sulfur dioxide to 
form an acid liquor that at high temperature and pressure dissolves and re- 
moves all the constituents of the wood chips except the cellulose, Either 
quicklime or hyirated lime may be used, but in either case a dolomitic lime 
is preferred because magmesium bisulfite is more soluble than calcium bi~ 
sulfite, its decomposition products also are more soluble, and it produces a 
softer, whiter pulp, The ratio of magnesium oxide to calcium oxide should be 
reasonably constant and the lime moderately freo from impurities, The chemical 
composition of quicklimc must conform to the following requirements, calcu- 

. lated on a nonvolatile basis.’ 


Ig] Work cited in footnote 13, p, il. 


19/ American Society for Testing Matorials, Standard Specifications for 
Quicklime and Hydrated. Lime for the Manufacture of Silica Brick: Ch#9-24., 
1924, A,S.T.M, Standards, 1939, part II, p. 34, 

20/ American Society for Testing Materials, Standard Specifications for 
Quicklime for Sulfite Pulp Manufacture: Ch6—~27, 1927, A.S.T.M., Standards 


1939, part II, pp. 36-37, 
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Calcium lime Magnesium lime 
Maximun Maximum | Minium 
Calcium oxide, percent ........... ~ 94.3 ~ os) 
Magnesium ox ide, percent ....e.e- 2,6 ~ - LO, 4 
Oxides of silicon, iron, and aluni- | 
MUM, PETCENY cic siccsccsicewsense 3.1 -~ 3e1 3 


In the soda process wood and other fibers are digested with a caustic 
soda solution, Lime is used as a causticizing agent in recovering the caustic 
soda from the wash by liverating the sodium hydroxide, It serves the same 
purpose in recovering the sodium sulfate in the sulfo te process, SBither 
quicklime or hydrated lime,.can be used, but -quickl ime generally is preferred 
because the heat generated oy. its slaking hastens the reac tions, It must be 
low in magnesia, hignly reactive chemically, quick settling and quick slaking;, 
and neve an available lime content of 85, aca or more, er] 

Rags for the manufacture. of paper arc "eooked ‘in a digester under stcam 
pressure with lime or with line and soda ash, They care then washed to 
eliminate as much of the nonecllulose matcrial as possible, The standard 
quicklime for use in cooking rags must contain 90 percent available lime 
calculated upon tne basis of the weight of the sample teken at point of manu- © 
facture, Hydrated lime nust contain | OF 2 percent available line calculated 
upon the samo basis,2e Sa 

| eg. = 

Calcium carbonate or precipitated whiting ie oie used as a filler in 
magazine and book papers, A white product is obtained by precipitating or 
recarbdonating milk of lime, The paper companies that use this material pur— 
chase quicklime anc San Qoneee: 4t.in their own oes 


ee ern 


The Howard process, a piccee das ie alent in utilization of waste sulfite 


eo, 
=. 


liquor, involves treatment with-a-caustic lime’ reagent which results in the 
production of calcium sulfite, ‘an organic product (the lignia component) in 
loses, fats, etc, This treatment ‘reduces strean - pollution in addition to 
yielding several valuadlc materiald-that can de proccesed further, Vanillin 
can be produced from the Lignin material, ard a substance with tenning prop— 
erties for use in the leather industries. is obtained also, 23/ | 

Water treatment, — Lime, ora mixture of Line- and. soda ash, is used ex— 
tensively for softening water, When water contains considerable quantities 


- ” of the bicarbonates and sulfates of ‘calcivm and magnesium it is "hard," The 


carbonates of calcium and magnesium are very slightly soluble in pure water: 
. but weak carbonic acid, formed when carbon dioxide comes in contact with the 
water, dissolves and holds in’ solution calcium and magnesium as bicarbonates, 


National Lime Association, Lime - Ite Use and Value in tho Industrial 
_ and Chemical Proccsscss .. 1930,. De 15, 

22/ American Society for Testing Materials, Stenger Specifications for 
Quicklime and Hydrated Lime for Use in Cooking of Raga for the Manu- 
facture of Paper: CH5-25, 19 925, A. S.1,M. Standards, 1939, part II, p, 35, 

23/ Skinner, H, J., Waste Problems in the Pulp and:Peper Industry: Ind, 
Eng. Chon, , vol, el, November 1939, PP. 1331-1535. 
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thus producing "temporary hardness." When an excess of lime is added to 
hard water it combines with the bicarbomtes present and forms carbonates. 


As calcium and magnesium carbonates are practically insoluble, the 
reaction proceeds in such a way as to cause their precipitation, thus re- 
moving temporary hardness, Lime is used also as a coagulant for waters high 
in magnesium salts ané for its bactericidal action, 


The character of treatment depends on the nature of the raw water and 
thepurpose for which it is to be used ~ whether for human consumption or for 
use in industrial processes, The essential features of the process involve 
preliminary settling of the water in large reservoirs and the addition of 
_ilime and other materials, such as soda ash, iron salts, or alum, to voaguiate 

the impurities and remove temporary or permanent hardness, 


The only useful constituent of lime for the treatment of water is the 
calcium oxide capable of reacting with the chemicals that are already in the 
‘water or that are added to it, Inert material makes more sludge to be dis- 
posed of and thus reduces the capacity of the cquipment in which it is used, 
The lime therefore must be substantially free of core, ash, and dirt and 
capaole of disintcgrating in water into a suspension of: finely divided matcrial 
Standard quicklime for use in water. treatment must contain 90 percent avail~ 
able lime calculated Bay" the basis of the weight of the sample taken at the 


point of manufacture, 24/ Hydrated lime for this use must contain at least 
68.1 percent available lime, , 


Glass, - There are many kinds of glass, and raw materials and processes 
used in their manufacture vary, Lime is employed as a raw material of plate, 
sheet, and bottle glass and of a large proportion of the pressed or blown 
glass, Silica in the form of sand is admixed in carefully weighed amounts 
with an alkali metal compound, usually sodium carbonate or sodium sulfate, 
and an alkaline earth compound, usually granulated quicklime, 


The chemical requirements of the lime depend on the kind of glass to b 
produced, The National Lime Association givesthe following requirements, 


For optical glass the iron oxide should be practically zero, 
whereas in bottle gass 0.5 percent is permissiole, with nearly the 
same limits for blown or shcet glass, The silica or alumina may 
run as high as 15 percent. for bottle glass, but it should be very 
much less for the other grades s of glass, The sulfuric and phos~ 
phoric anhydride should de low, not excecding 1 percent for bottle 
glass and diminishing through the other kinds to about 0,2 percent 
for optical glass, The combined CaO and MgO prefcraoly should be 
at least 89 percent for bottle glass, 91 percent for sheet glass, 
93 percent for blow glass, 96 percent for rolled glass, and 99 
reent for optical glass, 
American Society for Testing Matcrials, Standard Specifications for 

Quicklime and Hydrated Lime for Watcr Treatments | C53~39, 1939, 
A.S,2.M. Standards, 1939, part II,-pp, 42-43, 
25/ National Limo Association, Lime - Its Use and Value in the Industrial 

and Chemical Processes: 1930, p, 23, 
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Quicklime should not contain more than 3 percent and 
hydrated lime not more than 5 percent carbon dioxide, The re- 
quirements regardirz the state of division of the quickline 
are variable, depe:ding upon the conditions under which it is 


to be used, bat, unless Oe eTeee specified, it should pass a 
1l2—mesh sieve, 


Hydrated lime in varying percentages is used in admixture with plaster 
of paris for bedding plate glass on. grinding tables, 


Leather, — In the leather industry lime is used in the depilation proces: 
The skins are soaked in vats containing lime water to which such "sharpening 
agents" as arsenic sulfide, sodium sulfide, and sodium hydroxide sometimes 
are added, The action of the lire is to swell up and soften the cpidermal 
cells and dissolve the mucous lajcr, thereby so aoe ernne. the hair from the 
nide that it may be removed mechanically, 


Either quickLime erenganated lime may be ised It should have an avail- 
able lime or calcium hydroxide con} nt of at least 85 percent and lime should 
settle very slowly in svspension, The presence of magnesia and clay is 

injurious, not only by diminishing the amount of lime present but by making 

the lime much more difficult to slake; iron oxides, though quite soluble 

may become fixed mechanically in the grain of the hide and cause stains, 2 

The use of hydrated lime would remove the objections to magnesia but not 

those to iron, In making morocco leather, however, high-magnesium lime is 

used, - oe we : toi 


Calcium carbide and cyanamide, ~ Calcium carbide is made dy heating a 
mixture of lime and carbon, in tne form of coke, chercoal, or anthracite, 
to a very high temperature, Calcivm cyanamide is made oy treating this 
fused mass with nitrogen, in which process lime facilitatcs tne reaction of 
the nitrogen with the carbide, 


High—calcium quicklime is required for this .use.. Megncsia and alumina 
are undesirable, and the phosphorus and arsenic content especially should be 
low to avoid a a explosion, 23/ 


Alkali works, ~— In the manufacture of sodium hydroxide, or caustic soda, 
lime 1s added as a causticizing agent to a solution of sodium carbonate (soda 
ash), The caustic liquor thus formed is then filtered or settled to obtain 
a clear alkali liquor, which upon evaporation forms the sodium hydroxide, 


Since the function of lime in this process is to furnish soluble alkali, 
a high-calcium lime must be used, Quicklime having an available lime content 


Work cited in footnote 25, Pe 27. 

27/ Proctor, H, R,, Principles of Leather Manufacture: 2d ed,, D, Van 
Nostrand Co., New York, 1922, p. lel. . 

28/ National Lime Association, Lime ~ Its Use and Value in the Industrial 
and Chemical Processes: 1930, p. 31. 
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‘ Of at least 8&5 percent is preferred, Magnesia is inactive as a causti izing 
agent, and its content preferably ee be not more than 5 pereent,2d/ 


nia is added to crude coal gas to concentrate crude ammonia liquors, 
and it is used also in the distillation of these liquors to produce aqua 
ammonia, anhydrous ammonia, or ammonium salts, The quicklime used in these 
processes should contain not less than 90 percent available calcium oxide, 
and at least 95 percent of the lime after being slaked should pass a_50-mesh 
sieve and not more than 10 percent be retained on a 200-mesh sieve, | 


Sugar, - Milk of lime is used in clarifying and purifying juice extracted 
from either beets or cane to de used in the manufacture of sugar, When added 
to the juice and heated almost to boiling it combines with the acids, breaks 
ap and precipitates other organic compounds, and forms insoluble salts, When 
beets are used it forms an insoluble compound with the sugar, and the juice 
is treated with carbon dioxide to disintegrate the lime and sugar and throw 
off the lime as calcium carbonate, This precipitate carries:‘off all sus- 
pended matter, leaving a clear solution of sugar, In the Steffen process 
ground quicklime is used to precipitate sugar from impure molasses, For the 
reason that carbon dioxide is used in clarifying beet sugar, factories using 
beets produce their own linc and use the carbon dioxide ootained from the 
kilns for the cardonation process, Manufacturers of cane sugar buy their 
supplies of lime, Lime also is used in small anounts in refining sugar, 

The raw sugar is reduced to a syrup, which is treated with milk = lime and 
phosphoric acid to carry off impurities as a precipitate, 


This industry requires tne purest cea of high-calcium lime that can 
be obtained, Except in the Steffen process, it may be used as quicklime or 
hydrated lime, According to specifications recommended in National Bureau 
of Standards Circular 207, issued in 1925, the hydrated lime should be of 
such size that 98 percent of it will pass a 200~mesh sieve; lime powler or 
ground quicklime, should be of the same fineness but not. so‘fine that it will 
"hall" when rotated in a 40-mesh bolter at 20° ¢, ‘The Lime trust meet the 
following chemical requirements: ) 


‘| Magnesium 
oxide, 


Sugar 
soluple 
lime, | 


Guickline for Steffen process” 

Quicklime for’ other purposes.. 

Lime powder’ .,..2c0crvrccssnn |- 
- Hydrated lime te 


29/ Work cited in footnotc 28, p.- a7, | 

30/ National Bureau of Stendards, Recommended ‘Specifications for Quicklime 
for Use in the Distillation. of Ammonia from Ammonia Liquors Obtained 
in Coke and Gas Manufacture: _ Cire. 373, 1929, 6 pp. 
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‘Glycerin, soap, and lubricating greases, ~ Correct proportions of lime 
and animal or vegetable fat, mixed with a little water, are heated until 


the chemical reaction is complete, The glycerin. in the fat is liberated, 

and after settling, is neutralized with lime and evaporated to crude glycerin, 
The soapy jelly remaining is mixed with mineral oil to form lubricating 
grease, or it may be treated with sulfuric acid and used in the manufacture ob 
soap and allied products, 


A high-grade, high-calcium lime is necessary in this process, It should 
contain less than 2 percent magnesia and less than 1. percent insoluble 
material, and the available lime content of quicklime or the available 31/ 
calciun hydroxide content of Brenanee lime should te et eeu 90 percent, 


Paint and varnish, - The simplest form of padate is eateuaen prepared 
by mixing lime and water, Various formulas now are used in: preparing water 
paint for various applications, but the essentials are lime, pigment, and 
casein, Lime performs several functions in paint. As a protecting agent, 
soluble lime penetrates wood and there carborates, protecting it against 
weathering and increasing its fire resistance, As an alkaline material lime, 
or carvonate, prevents rusting of iron and corrosion of other materials. Be- 
cause it is white and possesses good covering and working qualities, hydrated 
lime serves as an excellent, economical, and readily available pigment, 

Lime also functions as a cementing or Conding agent in paints just as in 
plasters and mortars, It probably also improves the disinfecting properties 
of paint and makes it more suitedle as a sanitary eoubine. 32) 


In general, any hydrated lime that gives a smooth, fine~grained, and 
slow-settling suspension may be used in paint, The selection cf a particular 
lime for a given formula must be governed by the other components of the 
mixture and the use to which tne paint is to be put, 


In the manufacture of varnish, lime is added to melted resin to neutraliz 
the acid in it and to clarify and harden the varnish, Yor this purpose lime 
must ve hydrated completely ard must conform t92 the requirements of the tung- 
oil-heat test, Not more than 10 percent must be retained on a 230-mesh sieve, 
It should have a minimum calcium oxide content of 94 percent, and to avoid 
undesirable color effects the iron oxide content rust not exceed 0, y percent, 


Bleaching powler and bleach liquor, ~ Bleaching powder, chloride of lime, 
or chlorinated liquor is formed by tne action of chlorine on moist slaked 


lime, Liquid bleach is made ody subjecting a milk-~-of~Llime suspension to the 
action of chlorine, Hizh—calcivm quicklime or hydrated lime is used for these 
products, It should have no appreciadle amounts of impurities, including 
magnesia, as they accelerate decomposition of the bleach, 


aif. National Bureau of Standards, Recommended. Specifications for a 


and Hydrated Lime for Use in Soap Maxing: Circ, 372, 1929, 6 pp. 
32/ National Lime Association, Lime ~. Its Use and Valuc in the Industrial 
and Chemical Processes: 1930, p, 74, | 
Work cited in footnote 32, po. TH~75.: 
34/ American Society for Testing Matcrials, Standard Specification for 
Hydrated Lime for Varnish Manufacture: C47-27, 
35/ National Lime Association, Lime ~ Its Use and Value in the Industrial 
and Chemical Processes: 1930, p. 50, 
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Sand—lime brick, ~ Sand=—lime brick is made by mixing send and Lime, 
pressing the admixture into brick form, and treating it with high steam 
pressure, The lime, reacting with a portion of the silica on the surface 
of the sand grains, forms calcium silicate, which binds the rest of the sand 
grains together, The lime must be completely hydrated before the mixture is 
pressed, otherwise subsequent hydration will cause expansion and rupture of 
the brick, For this reason many manufacturers find it better to have their 
own hydrating plants, A high-calcium lime is required to insure proper 
hydration, The MgO content preferabl7 git d be oon than 5 percent, and the 
lime must be highly reactive chemically, 


Vienna lime, ~ Vienna lime is made from high-magnesium limestone or 
dolomite, with traces only of iron, silica, and alumina, The rock is gray- 
ish white and fine-grained and contains certain characteristic fossils 
(gastropods), which are said to affect its qualities materially, The stone 
is calcined carefully by a secret process, and the lime is cleaned, ground, 
packed in sealed containers, and sold to manufacturers of buffing compounds, 
Eardley-Wilmot states that the riost important use of Vienna lime is for 
“coloring” nickel after it is plated to give it the deep Meee Sane eeee blue 
peculiar to the metal, 37/ | 


Synthetic rubbers, ~ Chloroprene polymers and butadiene polymers are 
two classes of synthetic rubbers that employ lime as an essential raw 
material, The starting point of the organic synthesis is acetylene, which 
is obtained through the reaction of water and calcium carbide, the calcium 
carbide in turn having been produced from lime, ‘The formation of acetylene 
from calcium carbide vields byproduct lime, Thus, the lime does not enter 
the rubber but initiates a series of organic reactions by forming a carbon 
compound (CaC5) capable of direct reaction with the hydrogen of water to 


-. forn. acetylene, 


Recovery of carbon dioxide, ~ Although the recovery of COs from the 
calcination of limestone nas been discussed with increased interest during 
the past few years, little commercial success has been attained, However, 
-interest has been stimulated by the increased use of carvon dioxide for 
refrigeration (dry ice), and several processes for its recovery have been 
developed, 


Other uses that show promise of gaining in importance are the stabiliza- 
tion of clay~soil roadbeds and the use of lime in the manufacture of certain 
ae and synthetic fibers, 


aWSS OF LIME 


The recovery and reuse of scrap are important features of the metal 
industries, but the salvage and reuse of nonmetallic materials are usually 
quite unimportant. Ordinarily nonnetallic minerals cannot be recovered 
after having once been used, 

36) Work ited in footnote 555° De 29, 
37/ Eardley-Wilmot, V. L,, Abrasives ~ Part I, Siliceous Abrasives: 
Canada Dept, Mines, Mines Branch Pub, 673, 1927, De 97- 
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In the paper and pulp industry, however, the hydrated lime employed 
for the recovery of soda from the spent liquor, used for digestion of the 
wood chips, becomes-carbonated, It can be converted to caustic soda a 
reuse by the following reaction: Mes CO, + Ca(OH), --} 2NaOH + CaCO 
calcium carbonate thus formed scttlcs oF okt as a Sle geo and may be Oe ail 
after washing, filtering, and drying, Only small amoumts of lime stone’ are 
needed to supplement the lime recovered in this weve: 


A cyclic process has iitsyies been seveiepea:: for. vn ‘use of Lime ss 

-the beet~sugar industry, although it is now hardly beyond the experimental 
stage, The quicklime exrployed to precipitate sucrose from the aqueous 
solution of dDeet molasses is itsclf ultimately precipitated as calcium 
carbonate through the addition of carodon dioxide, The sludge is removed by 
filtering, the filter cake is calcined, and the C0, and quicklime are both 
recovered for furthcr use, The line obtained tnveaey. calcination of the filte 
cake is said to be more active than that which can be smocwees from freshly 
burned limestone, 


In the manufacture of caustic soda and soda ash from common salt, the 
vyproduct from the manufacture of soda ash is caicium chloride, but the 
further processing of soda ash to produce caustic soda utilizes lime with 
the precipitation of calcium caroonate, The calcium carbonate could be 
reburned, but at one plant using tnis process, the calcium carbonate is 
turned. over to an. araeenane Pope ecenewy pean | 


Other methods for reuse will undoubtedly aries as the development of: 
byproducts and studies on the elimination of wastes progress further, 


TESTS AD STATDARDS 


Standard methods of enalysis28/ of limestone and lime have been devised, 
as have soon il sampling Methocs for makinz are tests have also 
been proposed, , , 


38/ American Society for Testing Meter iala, Standard Specifications for 


Chen ical Analysis of Limestone, Quicklime and Hydrated Lime: Geon2s 
1929, A.S.T.M, Standards, 1939, part II, pp, 46-56, 

American Society for Testing Materials, Standard Specifications for 
Sampling, Inspection, Packing and Marketing of Quicklime and Lime 
Products: (050-27, 1927, A.S.T,M, Standards, 1939, part II, pp, 58=61. 

LO/ American Society for Testing Materials, Tentative Methods of Physical 
Testing of Quicklime and Hydrated Lime: 0110-387, 1938, A.S.T.M, 
Standards, 1939, part II, pp, 910-914, 
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_ Certain standard specifications for eres sia various uses have been 
published by the National Bureau of Standards and by the American Socns 
for Testing Materials in cooperation with the National Lime Association, c 


The Federal Specifications Executive eee 0 has issued specifications 
for materials for purchase by Federal agencies 1/, Federal Specification 
SS~I-351 covers hydrated lime for structural purposes, SS~-Q-351 covers 


quicklime for structural purposes, and SS~-L~361 covers hydrated hydraulic 
lime, — , | 


The chemical analysis of a limcstone is important in determining the 
properties of the lime it will yield, to be sure, but physical properties 
are likewise quite important, The amount of crumbling or disintegration 
that takes place during calcination depends on the texture of the limestone, 
because the texturé controls, to some extent at least, the moisture contont ana 
the thérmal conductivity, Howevor, slight textural diffcrences may not be 
recognizable, even upon the basis of microscopic examination, ‘Thus the 
calcining properties of a limestone are best-determined by kiln tests, 


Nevertheless, theoretical considerations are of value in directing 
the trénd of practical experimentation, One recent development has been 
the laboratory study of lime and lime hydrate through the use of X-ray 
erystallograph 43/ These studies showed definite differences between the 
particle size (degree of crystallinity) of soft- and hard—burned limes, 
Likewise, the plasticity of lime hydrate depends on the size and shape of 
the crystal. flakes, which, in turn, seem to be controlled by the time of 
slaking, | 


PRODUCTION 
Statistics 


Lime statistics include refractory lime (dead~burned dolomite), Table 
1 has been compiled to show the growth of the lime industry in the United 
States since 1904, Available data indicate that production in 1940 was about 
63 percent of total plant capacity, 


ey, Copies of publications of the National Bureau of Standards and copies 
of Federal specifications can be obtained from the Superintendent of 
Documents, Washington, D, C, 

42/ Copies of A. S, T. M, specifications may be obtained from the American 
Society for Testing Materials, 260 Broad Street, Philadelphia, Pa,, 
or from the National Lime Association, 7 Fifteenth Street, N., W., 
Washington, D, C,  _ | SO | 

43/ Clark, G, L., Bradley, W. F., and Azbe, V. J., Problems in Lime 
Burning, A New X=Rey Approach: Ind, Eng, Chem., vol, 32, July 
1940, pp. 972-976, 
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TABLE 1, - Quantity and value of lime sold in the United States, 
Year | Short tons| Value Year ‘Value 
1904 | 2,707,809 9,951,456 1922 és 039,017 | 33,255, 039 
1905 | 2,984,100 | 10 941, 680 192 O76, os 39,993, 652 
1906 . 3,198, O87 12, 480, 653 | 192 072, 000 9, 596, 23 
1907 | 3,092,524 | le, 656, 705 1925 | 4,580,823 |42, 609,141 
1908 | 2,766, 1873 11,091,186 || 1926 | 4,560,398 |41, 566, 452 
1909 3, ual, 97 0? (8G, O72 1927 | 44 932 38, ; 8. 113 | 
1910 | 3,505,954 088, 039 |} 1928 | 4,458,412 36,4 9, 635 

-. 1911 | 3,392,915 13, 559,068 1929 | 4,269,768 | 33,478, 83 
1912 3, 529, 462 9 970,114 1930 | 3,387,880 |25, 616, 486 
191 3,595, 390 i 1 648, 362 1931: | 2,707,614 |18, 674, 000. 

- 191 3, 330, 928 i 268, 938 1932 | 1,959,990 |12, 302,231 
1915 | 3,622,810 bol! 1036 || 193 | 2,269, 220 vy, 1255 659 
1916 | 073, 433 12, 509 305 | 1 2,397,087 |17,164, 024 
1917 | 3, 786,3 23,807,377 1935 | 2,987,133 jel 148, 655 
1918 | 3,206,016 | 26, 08,909 | 1936 | 3,749,383 26, 933, 719 
1919 | 3,330, 347 27, 613, 000 1937 | 4,124,165 30, 091,168 
1920 3, 570, W421 3 Suz suo || 1938 | 3 346, 954 |Dui7 7, 638 
1921 | 2,532,153 | 24,895,370 1939 | 254, 348 | 30,049, 394 

: 1940 | 4,886,929 | 33,956, 385 
| | ) 


Table 2 gives sales of lime, by States, 


Table 3 gives sales of lime for a series of years, dy medens view. 


for a series of VERS: 


tonnages sold for each use indicate trends in market demands, 


The 


An analysis of sales of lime by users and by districts over a period 
of years, a discussion of the relation of sales to general conditions and 


to allied activities, 


| and the extent to which consumption of paiy, is keeping 
- pace with related products are given in another Bureau report, 


Economics of Plant Location 


. The main factors to be considered in locating a lime plant are quality 
and extent of raw materials, conditions for quarrying, fuel supply, markets, 
and transportation facilities, The importance of considering carefully 

_ the character of raw materials availaodle in relation to the type of lime in 
_, demand should be emphasized, The adaptaoility of limes ay roan? products 
_, has been discussed already, : > 


Table 4 has been compiled to show the Lime~produeing districts of "the 
country and the kinds of ae Produced in cach, 


Hatmaker, Paul, Trade fom in the Lime Industry: 


Bureau of Mines 
Rept, of Investigations 3227, 193", 1.7 Dp; 
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TABLE Oo = ~ Lime sold: or used b roducers in the United. States, 1 O-LO, 
: dD States all quantities in short tons) 


State | 1930 | 1931 


Alabama ....... 164,822} 137,42 
Arizona ....... 35,6421 22,567 
Arkansas ...... 30,349] «= 22, 520 | 
California ... 51, 302 41,371 
Colorado ...... 6,777 ’ 
Connecticut . 28, 489 (1) 
Florida ....... (1) (1) 
Georgia ....... 7,455 59139 
Hawali ......0- 1,591 1,33e 
Idaho ,..cscee e 2,463 

Tllinois ...... 89, (09 96,105 
Indiana ..sece- 87,965} 81,925 
Iowa % Ceoecrcccnn mete 1 
Kentucky ...... , (1) (1) 
Louisiana , = =e 
Maine ......... 66,775} 28,157 
Maryland ......4 53,090} | 36, 5 
Massachusetts 107,502} . 125,607 
Michigan ...... 80, 241 Lo, 116 
Minnesota ..... (1) 1 
Missouri ...... 265,771| 224,416 
Montana ....... 2,023 
Nevada .......- (1) (1) 
New Jersey..... (i) |. () 
New Mexico ..... 2, 369 (1) 
New York ....... 83,078} 49,574 
North Carolina (1) | 

Oh16 ccs ciecws 736,305, 656,441 
Oklahoma ....... ) — 
Oregon ......ee04]. 1,741} = (4) 
Pennsylvania ...| 633,520| 497,258 
Puerto Rico ... 9,764! 11, 302 


Rhode Island,...| 2,638, 2,02 
South Carolina... om | 


South Dakota...) (1) 2, 682 
Tennessee .,.... 147,643) 113,268 
TOXAG. 6 .6:6:0ide ilo — 74,081) 45, 553 
Utah ........ v4 27,5221 18,192 
Vermont .......:; — 45,963; 30,226 
Virginia ....+..|, 146,996} | 100, 659 
Washington .....| 26,913] . 20,619 
West Virginia,..| 228,230! 170,420 
Wisconsin ......, 64,989 H2, 621 


@eee @ @ OO]: 


Wyoning (1 
Undistributed,,. 70, 1g0| | - 65,40 


557,002, 07,0 


1 aie mai ceei buccal 


959,990 |2, 269, 280 


8289 sss 


Google 


1.C; 6884R 


107, 358 


(1) 
531, 501 
4,792 


| 


987,133 
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TABLE > ~ Lime sola ‘or used by producers in the United States, 1930~0, 


by States (all quantities in short tons) o (Continued) 


State ft 936 1957 1938 | 1939 ONC 
Alabama ........001" 177,502, 17 — L76g5135 | 254, LT 
ARV ZONE 5.0.5. 5,2-b:0'Gr0s \25, 922 ‘ Tye 33 - 67, 882 
Arkansas 1.00.06. fon | ch) ‘f- (2) 
California ...... “|. 67,951 87,407:| 112,522 
Colorado .....e0e0- eed 10,699 7° 749 
_Ponnecticut ......]°.: (1) | (dy (1) 

Florida .......--6]:, 16,407]. * 22, 843-7-- 25,038 
Georgia ....eeeces} .. 8,271 6,815°1 13,774 
(Mawes Toco ebaisines o|°) 7, fet L) Cages (1) 
TASH: a4 wnamesane. ba tak i ae (1)--- 7} --G) 
Illinois “Lh, 675 ' 135,256 7. 147,729: | 161,358 
INGTON a 5.008 sb ecciee be 93,310 . 102, 0054. 7 9h, Tul +}: gh, 2 
LOWE: Gun ue eesaes i == - i. Sere See = 
Kentucky .......--} . (2) (1) . 9 as | (1) 
“Louisiana ’......6. eed ee an ae 
.. Maine rt cocecee 7 1), Pas (1): | a (1) | 
“eS Maryland . eeorcere ; 50, 410 9, 50% on 63, 745 
Massachusetts seie‘sily 9 ey CoD. 111,734 | 108,797 
Michigan ......... 4O, 090 | u5,1g0-; di, sik 
Minnesota ........ (1). e OF pe ; (1) 
“Missouri s.....6.. 379, 354) * Hes, 516,988 | 607,062 
Montana. sadetinase »; 10,962} | (1) / 18,797 
' - Nevada :,.....6. See te ORS (1) - (1) 0 
"New Jersey ....... 11 858) 22,636 | 28,854 
.. New Mexico ....... Z } (1) (1) 
’ "New York ...... wath 6, , 068° eee a 
North Carolina se: (i Ve ) (1) 
eHOH1O: Sve citer wecive eare a: 905,358] l, 106,250 ; 1,284, S77 
Oklahoma 4........ |. Lye eC) 
eas see “aay.” oe a 
' Pennsylvania ee ae 661, 464 691,460 | 833,038 
Puerto Rico .....5| > 3,268!'° (1): 3, 119 
.. Rhode Island .....{) (1) | (1) (1) 
_. South Cardlina’...|:° “= |: — mera 
_ South Dakota .....| (1) 1 - (33 (1) 
_Bennegsee ........| 168,121] 163,006 | 192,13 
TEXARsicuweeael: Digeod| - 62,048 - 64,27 
Dtah wc..ces scenes 0,986 360437 - 49,413 
Vermont ..6.66 ee 2,505 63,326-| © 61,026 
Virginia .s.....068] 174,484 166,542-| 173,036 
, Washington ceeeege | 36, 638 47, 25 | 53,42s 
West Virginia , zeta es | “eit 278, 300 
- Wisconsin ....... ve 29 991995. 85,632 
"Wyoming ..iscceeee. ae a 
_. Undistriouted..... at 168, 369 172,568 | .170, 698 199, 280 , 192, 493 


13 7h, 383 4, 1ali 1165 34346, 95% | 4, 254, = 4 886,929 


I Inc luded under "ndistributed. tt 
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' TABLE 4, 


by States anc counties (wh 


State 
or 
Territor 
Alabama ....cccee 


API BONS. 634 4i<.sieeu 


Arkansas. ...ccces 


California, 


Colorado..cccccce 
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- A recent statistical opie : has indicated that the number of lime 
plants has decreased greatly in recent years, but the capacity of individual 
Companies producing less than 1,000 tons annually are 
declining both in number and in total production and now constitute an in- 
significant part of the industry, 


kilns has increased, 


Bowles, Oliver, and Coons,’ A, T., Graphic 
Bureau of Mines Inf, Circ, 7088, 1939, & pp. 
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QUARRYING AUD MIIING OF LIMBSTOIE 


Although limestones are widely distriouted, only a relatively small 
number are suitable for the manufacture of lime, The suitadility depends 
on physical as well as chenical properties, Considerable variation among 
individual beds within the same deposit may occur, and this factor may de— 
termine the method of mining or quarrying employed, or it may determine the 
suitaoility of the ‘lime for various ‘Uses, | 


Methods of quarrying and mining limestone are qi cedsaes in Bureau of 
Mines Bulletins 269 (Quarrying Probloms in the Lime Industry) and 252 
(Underground Limestone Wining). The methods ‘will receive only brief men— 
tion here, 20 | 


. Conditions governing open=pit and underground work, ~- Open=pit quarry— 
ing ‘usually is to be preferred wnen the rock has little or no overburden, 
because dlasting by modern methods in deép holes back of an open face is 
more economical than the more confined drilling and blasting necessary in 
underground work, Where approximately horizontal beds are covered with a 
heavy overourden, or where an opening in inclined beds must be carried be~ 
neath an ever-increasing pues of vaste, underground methods are preferred, 
enough to form a safe roof wi thout. tinber ing and with rock ‘pillars spaced 
at moderate intervels, 


Other important factors are the composition, structure, and physical 
properties of the various beds of a Geposit, Certain beds may be unsuited 
for the manufacture of lime and should be discarded or civerted to other 
tage On the other nae ane deposits consist of a Reed of beds 
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down together and ntnacate ‘them later on the quarry floor, This process, 
however, is tedious and wasteful unless a washing plant is available, The 
difficulty of stripping Tough surfaces may prompt operators to resort to 
mining methods, 


Quarrying to obtain a uniform grade of lime, ~ When the properties of 


stone at several levels or in several zones of a quarry face vary, rock of 
‘average quality with regular distribution of impurities, that are not re- 
movable easily, may be obtained only by mixing the stone from the various 
 Ddeds,. -In horizontal beds uniform quality may be obtained by shooting down 
- ali-the ledges together in-a mixed mass, loading the'rock by hand, and dis- 
tributing successive cars from cach loading point to different icilns, The 
finished limo also is mixed during: ed When conditions do not favor 
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single-bench operation, a quarry may be worked in a succession of compara~ 
tively low benches, but work must be carricd on simultancously on all benches, 
Carloads of rock from the several levels then must be talzen to the kilns in 
regular order, When beds are inclined it is more difficult to maintain wni-~ 
formity, and under some conditions underground methods offer advantages, 


Quarrying to obtain special kinds of lime, — Whereas efforts formerly 


were directed chiefly toward producing a single uniform grade of lime, in 
creasing markets for special kinds or gradés have made it necessary for 
operators to select and quarry oeds having the desired propertics, as the 
quality of a lime depends principally on the quality of the parent lime— 
stone, Each kind of lime ~ high-calcium, high-magnesium, low-magnesiun, 
plastic, or nonplastic ~ is used in different processes and products, The 
impurities and the percentage of each impurity in the lime also govern the 
use to which it is put, As a rule, chemical uscs demand greater purity 
than do agriculture or building; even small percentages of cortain impuri~ 
ties may be decidedly harmful in some chemical PEO ESS Se 


The percentage of each impurity in a stone is virtually douoled in 
the lime, There is little or no loss of the main impurities during calcina- 
tion, although the weight of the limestone is reduced nearly half through 
loss of carbon dioxide, Of each 100 pounds of limestone. approximately 56 
pounds of lime results from calcination, Therefore, if 4 percent is the 
maximum permissible percentaze of an impurity in a finished lime, the pro- 
portion of this impurity in the limestone should not exceed 2 percent, 


The physical as well as the chemical properties of a‘stone also in-. 
fluence the character of the lime produced, Limestones of identical chemical 
composition under the same burning conditions may give limes that differ 
in character, Some limestones crumole more readily than others during 
calcination, Oertain beds chemically suitaole may decrepitate or crumble so 
badly that it may be advisable to quarry.and calcine them separately or, if 
lump lime is to be made, to reject them as raw material, Moreover, some 
beds are more refractory than others and require either a higher temperature 
or a longcr time for calcination, 


To obtain rock for special grades of lime, therefore, stone must be 
selected carcfully in the quarry, Each bed may be worked as an independent 
unit, which may involve quarrying a succession of low benches with tripod 
or hammer drills and selecting and loading stone by hand, Underground mining 
somctimes is the better method, Rock from mines is not so liable to be ~ 
mixed with impurities as that from open pits; this is particularly tree of 
fines, oe eh 


No general methods of quarrying can be given, for-they must:be varied 
to suit the peculiarities of the rock formation, Quarrying stone for 
specified types of lime usually costs more ver ton than quarrying for a 
single uniform grade of lime, but the higher prices received for special 
grades may repay the increased cost of producing the rai material, 
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Transportation, - Stone usually is conveyed in three stages. It is 
removed from the quarry or mine, carried to the kiln or crusher, and elevated 
to the top of the kiln, The methods of conducting the work must be varied 
to suit the peculiar conditions of each quarry, The stone usually is loaded 
in trancars,. If the distance from:quarry to kiln justifies, a locomotive is 
used for haulage, <A cable draws the cars:up a steep incline to the top of 
the kiln, oe ae 7 ; 


METHODS OF MANUFACTURE 

Calcining Processes 

Limestone is converted into lime by heat, The process brings the stone 
into contact with a sufficiently high temperature long enough to dissociate 
the carbon dioxide and drive it off as gas, The quantity of neat required 
varies.with the chemical-and physical properties of the stone; small pieces 
of stone calecine more quickly than large ones; fine-grained stone conducts 
heat more akaaca 1 than that which is coarsely crystalline and porous, Ex~ 
perimental workto/ has szown that the temperature of dissociation of calcium 
carbonate is 898° ©, (1,048° F.) at atmospheric pressure, The corresponding 
temperature for magnesiwn cardonate has not been determined as accurately, 
but 756° C. (1,393° F.), obtained by Nitchell, probably is correct, After 

. the dissociation temperature has been reached it mist be maintained long 
enough to transfer. the required anount of heat to the stone, A high tem~ 
perature for a short time or a lower tcmperature for, a longcr time may be 
used, but the more nearly the heat appvoaches the minimum required the better 
the quality of the lime will de, To cotain a large output per kiln, however, 
a temperature of 1,050° to more than 1,100° C, commonly is carried, 


It is well-known that the chemical reaction involved in burning lime 
is reversible; that is calcium carvonate may be decomposed into calcium 
oxide and caroon dioxide, or these suostances may recombine to form calcium 
carbonate, The factor that determines the way the reaction shall go is the 
pressure of the carbon dioxide, If the gas is allowed to accumulate its 
pressure may reverse the reection, and the lime will:recarbdonate, Prompt - 
removal of the gas therefore is essential to efficient calcination, 


Calcinaetion, commonly known as "ourning," is done in some form of kiln, 
Shaft kilns are used most generally, although the use of rovary kilns is 
increasing, particularly when hydrated lime is to be produced, 


National Bureau of Standards Circular,337, Manufacture of Lime, describes 
the various types of manufacturing equipment such as kiins and hydrators, 
For this reason the different types or kilns will be discussed only briefly 


herc, | , ; . 


Johnston, John, Thermal Dissociation of CaCOz: Jour, Am, Chem. Soc., 
vol, 32, 1910, p. 938; Mitchell, A, E,, Studios on the Dolomite System, 
Part I - Nature of the Dolomite: Jour, Chem. Soc, (London), vol. 123, 


1923, pp. 1055-10, 
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Pot Kilns 


Kilns in which the stone and fuel are added in alternating layers are 
known as pot kilns, They may be operated continuously but usually are 
operated intermittently, in which case the kiln is charged, fired, and dis- 
charged as separate operations, This procedure has the a aaavantass of 
allowing the kiln to cool, necessitating reheating with the firing of each 
batch, Pot kilns are alice restricted to solid fuels having strength enough 
to support the charge, 


shaft Kilns 


Shaft kilns are built in various designs, but in general this type: of 
kiln is a short, wide stack lined with refractory material, Stone is dumped 
into the upper part, called the hopper, where it is preheated slowly by the 
hot kiln gases, It gradually slides down into the middle section of the 
kiln ~ the shaft —- which is the burning or calcining zone, The lime manu- 
factured in this hot zone sin'cs dowmward into the third section — the cooler ~ 
from which it is drawn at intervals, The size of a kiln usually is governed 
by the demand for the lime because quicklime can be stored for only a short 
time, Hydrated lime, however, may dc stored for longer periods, If there 
is a steady demand for a definite supply of limc, an operator may ve justi- 
fied in building a kiln large onough to supply the desired quantity: other- 
wise it is better to build a number of small kilns so that production may be 
adjusted more easily, A generalized vertical section through a shaft kiln 
is given in figure l, 


Casing, - The casing, or outside of a kiln, may be of steel, stone, or 
a combination of stecl with stone or some other material, It may be round, 
squarc, or elliptical, The casing performs three functions: It carries part 
of the weisht of the kiln, protects the lining from changes in temperature, 
and minimizes the amount of heat lost by conduction and radiation, 


Lining, ~ The lining ususlly is the same thickness throughout the kiln, 
If firebrick is used, about 8 inches (two courses) generally are considered 
enough; other materials may range in thickness from 9 to 18 inches, The 
lining must be able to witastand reasonably well the chemical action of the 
lime as well.as the temperature required for burning and the abrasion to 
which it is subjected, The lining must be repaired or replaced at intervals, 
Various grades of fircebrici: generally are used; mica schist, sandstone, and 
granite somctimes are employed, Often two grades of firebrick are used; for 
brick refractory enough to give good results in the burning zone may be too 
soft to withstand the abrasion to which it is subjected in the upper kiln, 


Top of kiln, - The top of a kiln may be opon, closed with flat steel 
plates, or pammoutad. by a stack, A closed top, used in some systems of 
induced draft, should be kept virtually airtight so that tho fan that removes 
the gas need not handle any wninecessary air, A closed top has two openings, 
onc for charging the kiln wit stono and one for removing tho gas, The 
charzing door usually is about 3 fect wide by 5 feet long, large enough to 
admit a carload of 2 or 3 tons of stone at once, The stack, which is the 
ordinary round—steel variety, aids comoustion and assists in preventing re- 
carbonation of the lime, . | 
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Hopper, ~ The hopper serves a twofold purpose; it provides space for 
storing enough stone to insure continuous operation, and it conserves fuel 
by utilizing the heat ot waste gases to prcheat the stone, It is shaped like 
an inverted cone: the large base is at the top, and the sides slope until 
the cross section becomes that of the shaft, The hopper usually is large 
enough tc hold a 4S~hour supply of stone, 


Shaft and fireboxes, ~ The firebox consists of a grate spanned by an 
arch of firebrick, closed in front by a door and opening into the kiln in 
the rear, Two or more fireboxes are set into openings throush the lining 
and casing in the lower part of the shaft, or, if gas or oil is used as fuel, 
ports through which it is led into the kiln are used in place of firevoxes, 
The proper grate area depends on the quantity and quality of coal burned; it 
is customary to allow 1 square foot of grate surfaco for le to 15 pounds of 
bituminous coal an hour, — 


The draft caused by comoustion of the fuel draws the flame up through 
the shaft in direct contact with the limestone, and the gascs formed pass 
out the top of the hopner, The draft may be natural, forced by vlowing air 
under: the grates, or induced or a fan that draws the. gos from the top of the 
kiln, By the Eldred process a fan tckes the gas from the top of the kiln 
'-and forces it back under the grates, The carbon dioxide thus introduced 


-. 4g reduced to carbon monoxide (an endothermal reaction that tends to keep 


the grates cool); and as the cardon monoxide passes upward through the mass 
of stone it oxidizes (an exothernal reaction), thus extending the flame and 
promoting uniform calc “pe Introduction of steam beneath the grates 


has the same effect, 


2k. The stone is heated graually 28 | ib passes down th roush the shaft until 


above the grates, The cross section of the shaft ; mor rectengular, 
elliptical, or circular; its diameter is limited by tac distance the heat 
can be mado to penetrate toward the center, The size »:nd shape of the shaft 
depend verv largely on the mothod.bdy wiich the kiln is to be operated, 


Cooler, — The top of the third compartment or cope ‘has the: same cross 
section as the shaft, out its sides recede to form a #teep cone, which ter- 
minates at the drawing door built 3 or 4 feet above the floor, The lime 
falls through the door into large iron barrows or into dump cars on tracks 
beneath the kiln, When a lined cooler is used the line is removed hot and 
‘must be dumped to cool, which necessitates rehancling, When the lime is 
drawn cold, it may be dumped. into a car for shipment. The most efficient 
coolers are provided with ducts through which the air used in burning the 
fuel is drawn and thus peeunvers 


All iepusAed: Stone must de rept above the level of "the grates as heat 
from the fireboxes does not extend downward; enough lime, therefore, must be 
kept in the cooler to support the stone at the required height, Two me thods 
of doing this are followed, When lime is drawvm from the bottom of the kiln 
the remaining lime and stone slide down and fill up the space, Because 
the flame and hot gases tend to pass up the sides of the shaft rather. than 
Berger, E, E, The #unction of Steam in the etioben Bureau of Mines 


Tech, Paper 415, 1927, 43 pp. 
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through the center, unburned stone extends down farther in the center than 
at the sides, It is obvious, therefore, that if the burned stone is allowed 
‘to fall to the burning level the unodurned portion in the center falls below 
that level, By the "following" method enough lime is drawn so that the 
lowest part of the unburned material will reach to about grate level, The 
difficulty with this method is that the lime remaining above the grates may 
be overburned, By the "sticking" process the kiln is allowed to chill before 
' drawing, The chilling causes contraction of the lining and solidification. 
of the fuged compounds resulting from the action of lime on thelining, 
These two processes prevent the stone from following and cause it to "stick" 
or "hang," The lime is knocked dow with bars, and an even layer of fresh 
stone falls to grate level, In general, stone will follow in a shaft with 
sidcs sloping outward anc will stick if the sides are perere i but any 
type of kiln may bo operated ody cither process, 


After limc has been turned it ieata bo kopt moving through the kiln, 
as further hcating impairs its quality, The frequency with which it should 
be drawn depends on many conditions ond can be determined only through 
experience, Lime is sorted to romove underourned stone and overdurned 
limc; this is done either while tne lime is being drawn or when it is taken 
from the cooling floor, _— 


Rotary Kins 


A rotary kiln is a steel cylinder eestins on two heavy steel rings or 
tires that encircle it near each end and bear on steel rollers, It inclines 
1/2 inch to 1 foot and revolves slowly on its axis, . The driving mechanism, 
consisting of a series of gears, is run cy a variable-speed motor, whose 
speed is controlled automatically oy tne quens ey of stone fed into tne kiln, 


A few years ago kilns ranged from 5 to 8 feat in Wiehe Les and 100 to 
125 feet in length, but the more recent trend is toward larger and longer 
kilns, Firobrick are used for the lining, The upper end of the kiln is in 
a chamber, usually of bricx, designed to collect and remove dust from the 
kiln, Beyond this chamocr is the stack, wnicn produces tic :ccecssary draft 
through the kiln and chambor, Tho cooler, similar in construction and. 
operation to the kiln, though shorter and smaller, is placed beneath the 
kiln, Because of the excessive amount of dust that may be swept into the 
flame, many coolers are divided into four scgments, 


For rotary Irilns storie muse bo uniform in sizo, generally 1/2 inch to 
1-1/2 inches, which necessitates crushing and screening. For efficient 
operation the stone also should be clean and dry. It is charged constantly 
from a, bin into the kiln by en adjustadle feeder, To produce .good=quality 
lime the heat of a rotary kiln must oc uniform, Coal, oil, or natural or 
producer gas may be used as fucl, The burned lime is ‘discharged from the 
lower end of the kiln through an oponing in the lower pert of the hood into 
a chute that directs it to the cooler, At the lower end of the cooler it 


is discharecd to a conveyor thet taces it to a hydrate mill or to storage 
bins. 
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Sintering Machines 


In 1925 and 1926 the Bureau of Mines, cooperating with a machinery 
company, conducted a series of tests to determine ‘the feasibility of using 
sintering machines for calcininz snall stone, A sintering machine consists 
‘of traveling pallets with perforated floors, Limestone in small-sizes is 
carried on the pallets and is calcined chiefly by hot gases from an external 
source; these are drawn through the layers of stone as the pallets pass g/ 
over a suction box, Details of the opcration have becn descrided by Myers, 
The cauipment is cmployed oy lime companics to a limited extent, principally 
for make dcad—burned dolomite, 


Fucl £fficiency 


A recent investigation by the Bureau of Marie g#2/ indicates that greatest 
efficiency is qbdtained by using coke in shaft kilns. Average fuel ratios 
for bituminous coal are 3,58 pounds of lime per pound of coal for pot kilns, 
3.37 for rotary kilns, 3,23 for shaft kilns (direct—fired), and 4,08 for 
shaft kilns employing produccr gas, In gonoral, pot kilns appearvd more 
efficient than shaft kilns, and rotéery kilns were least cfficicnt, 


Hydration Processes 


Hydrated lime is preparcd by crushing lime as it comes from the kiln, 
slaking it, and classifying the finc powder thus produced oy screens or 
air separators to remove any core or overburned lime that would not slake, 
For hydrating, lime is crushed to avout 1 inch or smaller, because in these 
sizes it may bo slaked mechanically, its reaction with water is quicker, and 
it produces a better hydrate than docs lump lime, 


Lime and water are mixed for slaking in a mechanical device called a 
hydrator, There are various designs of hydrators, dut they are of two general 
types, The intermittent type consists of a circular iron pan, which revolves 
horizontally and is large enough to hold about 1 1/2 tons of hydrated lime, 
and a shaft with arms radiating from its lower end suspended in the center 
of the pan: the arms carry plows that scrape the bottom of the pan as it ro~ 
volves, thus mixing the lime and water thoroughly, The pan is kept revolving 
until the evolution of steam ceases (indicating that hydration is complete) 
and the lime becomes light and dry, The machine is covered by a hood and 
stack, A continuous hydrator consists of long iron tubes, one adove the 
other, in each of which is a screw conveyor, Lime is placed in the top tube, 
and water is added througn a stack at one end of the tune, They are mixed 
by the screw conveyors and at the sane time carried through the tubes, When 
the mixture reaches the cnd of tho pipo it is completely hydrated, 

ers, W. lanufacture of Lime from Small Stone witn a Sintering 

Machine: Bureau of Mines Rept. of Investigations 2762, 1926, 15 pp. 
4g / Mever, Forrest T., Limé-fucl Ratios of Commercial Lime Plants in 1939: 

Bureau of Mines Inf, Cire, 7174, 1941, 9 pp. 
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The process of hydrating must be manipulated so that the lime maybe 
slaked properly, It is important that enough water be added to hydrate 
the lime completely, but an excess cf water makes the lime wet and sticky 
and must be avoided,. About 18: ‘pounds of vater must be added to 56 pounds 
of pure, high—caleium lime to make 74 pounds of hydrate, It is necessary, 
also, that the water and lime be mixed thoroughly, otherwise the heat generated 
by slaking may be. localized and become so intense that the lime will "burn," 
High—calcium limes slake much faster than those containing considcrable 
quantities of magnesia and conscaucntly liberate a great amount of heat in 
a short time, which must be dissipated, This may be accomplished by regu- 
lating the water in such a manncr trat the excess heat will be adsorbed by 
evaporation, It is imnortant also that the proper design of hydrator be 
used, for no one type is eee for all kinds of lime, 


The chief advantages of hydrated lime to the consumer are that ib is 
handled easily, keeps better than lumo lime, does not require slaking, and 
generally has been freed from wiourned or overburned lime by air separation, 
On the other hand, hydrated lime contains a considerable proportion of water, 
on which the consumer pUSt pay freight, 


Sepnaee AND SHIPMENT 


Quicklime cannot be stored for a long time, as it air-slakes readily 
and eventually becomes uscloss for most purposes, It is marketed as lump 
lime, just as it comes from the kiln, or as pulverized lime ground to any 
desired fineness, It-may be shipped in bulk in airproof and moistureproof 
bags, in wooden barrels of 180 or 280 pounds capacity, or in steel druns, 
It sometimes is shipped by truck rather than by rail; but, whatever the 
method of shipment, care must be taken that mgisture aoe: not reach the 
lime and slake it in eta . : 

Hydrated lime is Seiten. from gcreens or air separator s to dustproof 
storage bins, Here it may be aged if desired, Hydrated lime usually is 
shipped in 50-pound bags, Packing is done by means of an automatic machine 
thet receives the lime from the bins and delivers it'to the bags, 


MARKETS AND PRICES _ 


The principal markets for limé have been jndicated in the section on 
"Uses" and by the table of snles of line by uses under "Production," Study 
of these statistics reveals tliat major sales have been to the building in- 
dustries, for agriculture, to the steol and other metallurgical industries 
for refractory and fluxin.z material, and to paper mills, glass works, 
tanneries, and water-treatment plants, These industries normally consume 
from 85 to 90 percent of domestic sales, The remaining 10 to 15 percent 
includes lime sold for use in thc menufacture of alcohol, alkalies, bleaches, 
Calcium acetate, calcium carovide, coke gas and byproducts, glue, insecticides, 
Oils and fats, paints, ruober, and sand-lime, slag, and silica brick; in the 
disposal of sewage and garba2e: in tho textile industries; and in wood dis= 
tillation, There are many other uses. for which sales data are not available. 
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er of production is an influcntial factor in marketing, A plant 
that operates. at low cost has a wider ficld than one that opcrates at high 
cost, The distance to vhich limc mey be shipped deponds also on the nature 
of the product, Lime pcculiarly adepted for special uses may command a 
price that will..justify shipment over long distances, and distent markets _ 
may be developed through an estaolished reputation for reliability, Demands for 
lime conform in a gonoral way to provailing conditions within the more importan: 
consuming industries, For example, sales of building lime conform generally 
to the number of new residential units and sales of metallurgical and re-— 
fractory lime to volume of steel~ingot production, Sales of lime are | 
affected also by purely local conditions, Analyses of trends in sales, 
particularly of the causes for the fluctuations in quantities sold for the 
various uses, are valuablo in forecasting future demands, Some of the 
findings of an analysis of markct trends and vrices of lime co 6a with 
those of other materials a in another Bureau publication, . 


7 The average price of lime began .to decline in 1924, more or less in 
conformity with prices of other comnoditics, This trend was arrested in 
1934, though the average was still considerably below values of prodepression 
years, Table 5 shows average values of lime sold for building, agricultural, 
and chemical purposes and the total eronaey for a serics of years, 


TABLE 5, ~ Averagé value per ton of lime sold in the 
_, United States, ot by uses 1/ — 


Year [agriculture [Building | Chemical’ Total 
“291 ~¢) a 
ze 3915 |. : 
2 oor 1916 
. 1917. 
- 1918 
1919 
1920 
1921 - 
1922 
192 
_ 192 
1925 
1926 
1927 
1928 © 
sedlgeg:. : 
1930 
1931 
1932 
193 
1934 . 
1935 . 
1936 
1937 
1938 
1939 
1940 
_1/ Figures do not include.cost of package, 
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_ FOREIGN TRADES 


Very, little line is exported, Shipments are mainly to Peru, the West 
Indies, Mexico, and Caneda, Virtually all imports are from Canada to 


Washington and pet store ines Table oO showg total imports and exports from 
1923 to 1940, as ne oy 


TABLE 6. ~ Lime in orted and.exported from the United St tes 
t 2 ©) (all cum tities in short tons) a 


r Exclusive of ese, ence soisaite, 
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